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A STUDY OF THE DISTRIBUTION OF THALLIUM 
IN TISSUES, BLOOD, URINE AND FECES
CHAPTER I  
INTRODUCTION
A lth o u g h  t h a l l i u m  i s  r e l a t i v e l y  r a r e ,  i t  h a s  become a w i d e ly  
u se d  e le m e n t .  T h e re  a r e  many i n d u s t r i a l  u s e s .  T h a l lo u s  c h l o r i d e  h a s  
b e en  mixed w i t h  t u n g s t e n  u se d  f o r  f i l a m e n t s  i n  e l e c t r i c  l i g h t  b u lb s  
s i n c e  t h i s  m ix tu r e  was found t o  p ro lo n g  t h e  l i f e  o f  t u n g s t e n  lam ps ( 1 ) .  
M e t a l l i c  t h a l l i u m  a s  a c o n s t i t u e n t  o f  g l a s s  g i v e s  i t  a h ig h  r e f r a c t i v e  
in d e x  r e q u i r e d  f o r  o p t i c a l  p u r p o s e s  and i m i t a t i o n  gems ( 2 ) .  A t h a l l i u m -  
s i l v e r  a l l o y  h a s  b e en  found  t o  b e  s t a i n l e s s  ( 3 ) ,  and an amalgam o f  
t h a l l i u m  i s  u se d  i n  th e rm o m e te rs  f o r  r e g i s t e r i n g  t e m p e r a tu r e s  a s  low a s  
-6 0  d e g re e s  c e n t i g r a d e  ( 1 ) .
T oday , t h e  p r i n c i p a l  u s e  o f  t h a l l i u m  i s  a s  a c o n s t i t u e n t  o f  i n ­
s e c t i c i d e s  and  r o d e n t i c i d e s .  T h a l l iu m  s a l t s  w e re  u se d  a s  r o d e n t p o i s o n s  
i n  Germany a s  e a r l y  a s  1920, and  a p r e p a r a t i o n  c o n t a i n i n g  a p p r o x im a te ly  
two p e r  c e n t  t h a l l i u m  was p l a c e d  on t h e  m a rk e t  u n d e r  t h e  t r a d e  name 
" Z e l i o  P a s t e "  o r  " C e l i o  P a s t e . "  The U n i te d  S t a t e s  D e p a r tm en t  o f  A g r i ­
c u l t u r e ,  i n  1925 , a p p ro v e d  t h e  u s e  o f  t h a l l i u m  f o r  t h e  c o n t r o l  o f  
r o d e n t s ,  p a r t i c u l a r l y  c e r t a i n  s p e c i e s  o f  p r a i r i e  dogs and g ro u n d  s q u i r ­
r e l s  t h a t  h ad  r e f u s e d  to  t a k e  s t r y c h n i n e  b a i t s .  The p r e p a r a t i o n  p l a c e d
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on t h e  m ark e t  was a  b a r l e y  g r a i n  p r o d u c t , " T h a l g r a i n , "  c o n t a i n i n g  one 
p e r  c e n t  t h a l l i u m .  I n  th e  p a s t  few y e a r s  a v a r i e t y  o f  i n s e c t i c i d a l  and 
r o d e n t i c i d a l  p r e p a r a t i o n s  d e s t i n e d  f o r  h o u s e h o ld  u s e  h a v e  a p p e a re d  on  
t h e  m a rk e t  ( 4 ) .  P e r i o d i c a l l y ,  e p i s o d e s  o f  p o i s o n in g  a s s o c i a t e d  w i t h  
t h e s e  p e s t i c i d e s  f o c u s  a t t e n t i o n  on t h e  n a t u r e  o f  t h i s  econom ic p o i s o n ,  
e s p e c i a l l y  when i t  i s  u sed  a ro u n d  t h e  home.
T h a l l iu m  h a s  been  u s e d  w i t h o u t  s u c c e s s  i n  t h e  t r e a t m e n t  o f  sy p h ­
i l i s  (5 )  and n i g h t  s w e a ts  o f  p h t h i s i s  ( 6 ) .  The s u c c e s s f u l  a p p l i c a t i o n  
o f  t h a l l i u m ,  a s  t h e  a c e t a t e  s a l t ,  i n  p a s t  y e a r s  was a s  an e p i l a t i n g  a g e n t  
i n  t h e  t r e a t m e n t  o f  ringw orm  i n  c h i l d r e n  o r  a s  a d e p i l a t o r y  c re am . Ap­
p r o x i m a te l y  f i f t y  y e a r s  ago S a b o u ra u d ,  a F re n c h  a u t h o r i t y  on d i s e a s e s  o f  
t h e  h a i r  and s c a l p ,  p r e s c r i b e d  an  o in tm e n t  o f  t h a l l i u m  a c e t a t e  f o r  t h e  
rem o v a l  o f  s u p e r f l u o u s  h a i r  ( 7 , 8 ) .  T h i s  p r e s c r i p t i o n  c a l l e d  f o r  n o t  
m ore t h a n  one  p e r  c e n t  o f  t h a l l i u m  a c e t a t e .  S abo u rau d  u rg e d  t h a t  ev en  
i n  t h i s  d o sa g e  i t  s h o u ld  b e  a p p l i e d  o n l y  o n c e  a d a y ,  and  t h a t  an  amount 
o f  t h e  o in tm e n t  no  l a r g e r  t h a n  two k e r n e l s  o f  w h ea t s h o u ld  be  u s e d .  A 
few y e a r s  l a t e r ,  i n  1930 , K ora  M. L u b l i n  m a rk e te d  a  d e p i l a t o r y  u n d e r  t h e  
name o f  "Korem lu Cream" (9 )  w h ic h  was " g u a r a n t e e d  t o  d e v i t a l i z e  s u p e r ­
f l u o u s  h a i r  r o o t s  on  f a c e  o r  any  p a r t  o f  t h e  b o d y ."  T h i s  p r e p a r a t i o n  
c o n t a i n e d  se v e n  p e r  c e n t  t h a l l i u m  a c e t a t e .  The i n d i s c r i m i n a t e  u s e  o f  
t h i s  c re am  a s  t h e . r e s u l t  o f  f a l s e  a d v e r t i s i n g  l e d  t o  many c a s e s  o f  
t h a l l i u m  i n t o x i c a t i o n  ( 1 0 ) .  B uschke (11 ) and o t h e r s  ( 1 2 ,  13 , 1 4 ,  15) 
recommended t h e  o r a l  a d m i n i s t r a t i o n  o f  t h a l l i u m  s a l t s  f o r  e p i l a t i o n  o f  
c h i l d r e n  p r i o r  t o  t h e  t r e a tm e n t  o f  t i n e a  c a p i t i s .  H ow ever, s e v e r a l  
c a s e s  o f  p o i s o n in g  from  t h e  m e d i c i n a l  u s e  o f  t h a l l i u m  h a v e  b e en  r e p o r t e d  
(1 6 ,  1 7 ) ,  and many a c c i d e n t s  h a v e  r e s u l t e d  from  m i s c a l c u l a t i o n  o f  t h e
d o sa g e  (1 8 ,  1 9 ) .  The m e d ic in a l  and c o s m e t ic  a p p l i c a t i o n  o f  t h a l l i u m  
s a l t s  h a s  b een  c o m p le te ly  d i s c a r d e d  b e c a u s e  o f  i t s  t o x i c i t y .
The a r e a s  o f  t h a l l i u m  p o i s o n in g  may b e  sum m arized  a s  f o l lo w s :
I n d u s t r i a l . I n  i n d u s t r y ,  t h e  p e r s o n n e l  and p a r t i c u l a r l y  t h e  
i n d u s t r i a l  m e d ic a l  s t a f f  a r e  aw are  o f  t h e  t o x i c  p r o p e r t i e s  o f  t h a l l i u m  
and o f  t h e  p r o p e r  p r e c a u t i o n s  t h a t  a r e  n e c e s s a r y  to  p r e v e n t  p o i s o n in g .  
S p e c i a l  w o rk in g  c l o t h e s  and g lo v e s  a r e  w o rn ,  and masks t o  p r e v e n t  i n ­
h a l a t i o n  o f  t h a l l i u m  c o n t a i n i n g  d u s t s  a r e  o f t e n  u se d .  P e r i o d i c  p h y s i c a l  
e x a m in a t io n s  a r e  r e q u i r e d .  S h ou ld  t h e  w o rk e r  show symptoms o f  t h a l l i u m  
i n t o x i c a t i o n ,  h e  i s  t r a n s f e r r e d  t o  a n o th e r  j o b  w i t h i n  t h e  p l a n t .  A t a 
l a t e r  d a t e  t h e  w o rk e r  m ig h t  be  r e t u r n e d  to  h i s  o r i g i n a l  j o b .  T h is  
a w a re n e s s  and p r e c a u t i o n  by i n d u s t r y  h a s  b e e n  s u c c e s s f u l .  No d e a t h s  
from  i n d u s t r i a l  e x p o s u re  t o  t h a l l i u m  h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a ­
t u r e  (2 0 ,  2 1 ,  2 2 ,  2 3 ) .
T h e r a p e u t i c . B oth  f a t a l  and n o n - f a t a l  p o i s o n i n g s  have  b e e n  r e ­
p o r t e d  a s  a r e s u l t  o f  e i t h e r  t h e  i n t e r n a l  o r  e x t e r n a l  a d m i n i s t r a t i o n  o f  
t h a l l i u m  s a l t s  f o r  t h e  p r o d u c t i o n  o f  a l o p e c i a  i n  t h e  t r e a t m e n t  o f  r i n g ­
worm and f a v u s ,  and i n  t h e  management o f  t h e  n i g h t  s w e a ts  o f  p h t h i s i s .  
R e a l i z a t i o n  by  t h e  m e d ic a l  p r o f e s s i o n  o f  t h e  t o x i c i t y  o f  t h a l l i u m  h a s  
l e d  t o  t h e  d i s c o n t i n u a n c e  o f  t h a l l i u m  s a l t s  a s  t h e r a p e u t i c  a g e n t s .
A c c i d e n t a l ,  h o m ic id a l  o r  s u i c i d a l . S in c e  t h a l l i u m  c o n t a i n i n g  
p r e p a r a t i o n s  h a v e  b e e n  and a r e  a v a i l a b l e  i n  t h e  open m a rk e t  w i t h o u t  
p r o p e r  r e g u l a t i o n ,  t h e  p u b l i c  h a s  r e a d y  a c c e s s  to  them . T hus , a c c i d e n ­
t a l  p o i s o n in g  o c c u r s ,  and h o m ic id a l  and s u i c i d a l  " a c c i d e n t s "  may e a s i l y  
b e  p e r p e t r a t e d .  One c a s e  on  r e c o r d  i s  t h a t  o f  a woman who s p r e a d  Z e l io  
p a s t e  on  h e r  h u s b a n d 's  s a n d w ic h e s . A f t e r  a  p e r i o d  o f  t im e  t h e  h u sb an d
4
became i l l  and d i s p l a y e d  v a g u e  symptoms o f  a n e u r o l o g i c a l  n a t u r e .  A f t e r  
h o s p i t a l i z a t i o n ,  h e  r e t u r n e d  to  w ork and h i s  w i f e  r e p e a t e d  h e r  " s p e c i a l  
s a n d w ic h ."  A gain  h e r  h usb an d  became v e r y  i l l  and was h o s p i t a l i z e d .
T h is  t im e  t h e r e  was e l o s s  o f  h a i r ,  and h o m ic id a l  t h a l l o t o x i c o s i s  was 
s u s p e c t e d .  When t h e  w i f e  was c o n f r o n t e d  w i t h  l a b o r a t o r y  p r o o f  o f  t h e  
p r e s e n c e  o f  t h a l l i u m ,  s h e  c o n f e s s e d  to  h e r  p a r t  i n  t h e  a t t e m p te d  m u rd er .
T h e r e f o r e ,  on e  s e e s  t h a t  t h e  i n d u s t r i a l  and t h e r a p e u t i c  manage­
ment o f  t h a l l i u m  do es  n o t  p r e s e n t  a p a r t i c u l a r l y  c r i t i c a l  p ro b lem  s i n c e  
i n d u s t r y  and t h e  m e d ic a l  p r o f e s s i o n  a r e  c o g n iz a n t  o f  t h e  t o x i c  n a t u r e  
o f  t h a l l i u m  and h a n d le  i t  w i t h  d i s c r e t i o n  o r  do n o t  u s e  i t .  The a c c i ­
d e n t a l ,  h o m ic id a l  and  s u i c i d a l  u s e  o r  m is u se  o f  t h a l l i u m  h a s  been  and 
re m a in s  a s e r i o u s  p ro b lem . T h is  c o n c e rn  h a s  a f i r m  b a s i s  a s  docum ented  
by th e  i n c i d e n t s  o f  t h a l l i u m  i n t o x i c a t i o n  i n  c h i l d r e n  i n  T exas  and 
L o u i s i a n a  (2 4 ,  2 5 ,  2 6 ,  27 )  d u r in g  t h e  p a s t  two y e a r s O t h e r  s t a t e s ,  
p a r t i c u l a r l y  i n  t h e  s o u th w e s t e r n  and w e s t e r n  U n i te d  S t a t e s ,  a r e  show ing 
an i n c r e a s e  i n  t h a l l i u m  p o i s o n i n g s  (2 8 ) .  I n  E u ro p e , t h a l l i u m  i s  r e ­
p l a c i n g  a r s e n i c  a s  t h e  " d ru g  o f  c h o ic e "  f o r  h o m ic id e  (2 8 ,  2 9 ) .
T h is  new c h o i c e  i s  l o g i c a l  s i n c e  t h a l l i u m  i m p a r t s  no c o l o r  t o  a 
s o l u t i o n ,  i s  t a s t e l e s s  and  o d o r l e s s ,  and d i f f i c u l t  t o  d e t e c t .  A f u r t h e r  
mark o f  i t s  i n s i d i o u s  n a t u r e  a s  a p o i s o n  i s  t h e  d e la y e d  and u n d i s t i n ­
g u is h e d  c h a r a c t e r  o f  i t s  symptoms. I t  i s  d i f f i c u l t  t o  d i a g n o s e  and  
t r e a t  t h a l l i u m  i n t o x i c a t i o n  o r  p r e v e n t  t h e  d i s a b l i n g  a f t e r e f f e c t s .  W ith ­
o u t  t h e  d i a g n o s t i c  a p p e a ra n c e  o f  a l o p e c i a  o r  t h e  o u t r i g h t  a d m is s io n  o f  
one  who h a s  i n t i m a t e  kn ow ledge  t h a t  t h a l l i u m  was a d m i n i s t e r e d ,  a d e f i n ­
i t i v e  d i a g n o s i s  o f  t h a l l i u m  p o i s o n in g  i s  n e a r l y  i m p o s s i b l e .  T h is  i s  
t r u e  s i n c e  p a in s  and  d i s t u r b a n c e s  a r e  e a s i l y  i n t e r p r e t e d  a s  stemm ing
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f ro m  o r  m im ick ing  o t h e r  d i s e a s e s .  An exam ple  o f  t h i s  i s  g iv e n  by P r i c k  
e t  a l . (29 ) who r e c o r d e d  t h e  c a s e  o f  a woman who a t t e m p te d  th e  m urder o f  
t h i r t e e n  p e o p le  and  was s u c c e s s f u l  s e v e n  t im e s .  The d e a th  c e r t i f i c a t e  
o f  e a c h  p e r s o n  c a r r i e d  a d i f f e r e n t  d i a g n o s i s  a s  t o  t h e  c a u s e  o f  d e a t h .
The l e g i t i m a t e  u s e  o f  t h a l l i u m  t o d a y ,  o t h e r  th a n  i n d u s t r i a l ,  i s  i n  t h e  
c o n t r o l  o f  r o d e n t s  and i n s e c t s  w h ich  r e j e c t  b a i t s  c o n t a i n i n g  o t h e r  s u b ­
s t a n c e s  su c h  a s  a r s e n i c ,  r o t e n o n e ,  and s t r y c h n i n e .  The p r e p a r a t i o n  o f  
t h a l l i u m  c o n t a i n i n g  compounds su c h  a s  s y r u p s  and p a s t e s  i n  a one  to  f i v e  
p e r  c e n t  c o n c e n t r a t i o n  f o r  u s e  a lo n e  o r  a p p l i e d  to  f o o d s t u f f s  su c h  a s  
b r e a d ,  c o o k i e s ,  c a k e ,  n u t s  and  c e r e a l s ,  p r e s e n t s  a more s e r i o u s  a s p e c t  
t o  t h e  p ro b lem  o f  t h a l l o t o x i c o s i s .  U n f o r t u n a t e l y ,  t h e s e  i te m s  a r e  p a l ­
a t a b l e  t o  c h i l d r e n  and h o u s e h o ld  p e t s .  I t  a l s o  p l a c e s  a p o t e n t  i n s t r u m e n t  
i n  t h e  hands o f  t h o s e  i n t e n t  upon h o m ic id e  o r  s u i c i d e .  W hatever  t h e  c a u s e  
o r  p u rp o s e  o f  t h e  p o i s o n i n g ,  a  m ethod q u a n t i t a t i v e  f o r  t h e  d e t e r m i n a t i o n  
o f  t h a l l i u m  i s  d e s i r a b l e .  Such a m ethod f o r  t h e  q u a n t i t a t i v e  d e t e r m i ­
n a t i o n  o f  t h a l l i u m  i n  t i s s u e s  and  body f l u i d s  w h ich  i s  a c c u r a t e ,  s p e c i f i c ,  
s e n s i t i v e  and s im p le  i s  p r e s e n t e d .
CHAPTER II
HISTORY
I n  M arch , 1861, i n  t h e  c o u r s e  o f  t h e  s p e c t r o g r a p h i c  e x a m in a t io n  
o f  d e p o s i t s  on t h e  f l u e s  from  an oven  a t  T i l k e r o d e  i n  t h e  H arz  M o u n ta in s ,  
Germany, i n  w hich  s u lp h u r  c o n t a i n i n g  o r e s  h a d  b een  r o a s t e d ,  C ro o k es  (30) 
o b s e rv e d  a p r e v i o u s l y  unknown g r e e n  l i n e  (5 3 5 .0  m mu) w h ic h  h e  a t t r i b u t e d  
to  a new e le m e n t .  B ecau se  t h e  c o l o r  o f  t h e  l i n e  s u g g e s t e d  t h a t  o f  young 
v e g e t a t i o n ,  he  g a v e  t h e  e le m e n t  t h e  name " t h a l l i u m "  from  t h e  G reek  w ord  
t h a l l u s  m eaning a b udd ing  tw ig -  I n  A p r i l  o f  t h e  same y e a r  Lamy (3 1 )  i n ­
d e p e n d e n t ly  d i s c o v e r e d  t h e  same e le m e n t  i n  t h e  s l u d g e  i n  t h e  l e a d  cham bers  
o f  a f a c t o r y  p ro d u c in g  s u l p h u r i c  a c i d  a t  L o o s ,  F r a n c e .  D u r in g  t h e  f o l ­
lo w in g  y e a r  C rookes (32) and Lamy (31 )  i n v e s t i g a t e d  t h e  c h e m ic a l  p r o p ­
e r t i e s  o f  t h a l l i u m .
I n  t h e  p e r i o d i c  c l a s s i f i c a t i o n  o f  t h e  e l e m e n t s ,  t h a l l i u m  i s  p l a c e d  
i n  g ro u p  t h r e e  w h ic h ,  e x c e p t  f o r  b o ro n  and  a lum inum , c o n t a i n s  some o f  t h e  
r a r e s t  e l e m e n t s .  Group t h r e e  i s  s u b d i v i d e d  i n t o  two g r o u p s ,  A and  B, and 
t h a l l i u m  b e lo n g s  t o  t h e  l a t t e r  a lo n g  w i t h  g a l l i u m ,  in d iu m ,  b o ron  and  
aluminum ( 3 3 ) .  The s m a l l  s i z e  and  h i g h  c o n c e n t r a t i o n  o f  n u c l e a r  c h a r g e  
g i v e  b o ro n  s t r i c t l y  n o n - m e t a l l i c  c h a r a c t e r i s t i c s .  The o t h e r  e le m e n t s  o f  
t h e  f a m i ly  a r e  a l l  m e t a l s ,  w i t h  a lum inum  b e in g  p a r t i c u l a r l y  h i g h l y  e l e c ­
t r o p o s i t i v e  i n  n a t u r e .  T hu s , b e tw ee n  b o ro n  and alum inum  t h e r e  i s  a
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d i s c o n t i n u i t y  i n  p r o p e r t i e s  w h ich  i s  w i t h o u t  p a r a l l e l  c t h e r  g r o u p s .
T h is  h a s  p r e s e n t e d  c e r t a i n  p rob lem s w h ic h  h a v e  made i ?  •rlifx'inlt t o  
e s t a b l i s h  t h e  c o r r e c t  p l a c e  o f  t h a l l i u m  i n  t h e  p e r i o d i c  t a b l e .  The 
c h e m i s t r i e s  o f  alum inum , g a l l i u m ,  in d iu m  and t h a l l i u m  a r e  c l o s e l y  r e ­
l a t e d .  Boron c h e m is t r y  re s e m b le s  s i l i c o n  c h e m is t r y  more c l o s e l y  t h a n  
t h e  c h e m i s t r i e s  o f  t h e  o t h e r  members o f  i t s  own f a m i ly .  The m o n o v a len t  
s a l t s  o f  t h a l l i u m  a r e  more s t a b l e  th a n  t h e  t r i v a l e n t  t h a l l i u m  s a l t s  w h ic h  
re s e m b le  t h o s e  o f  b o ro n  and alum inum. Boron and aluminum f u n c t i o n  o n l y  
a s  t r i v a l e n t  e le m e n t s .  T h e re  i s  a l s o  a m arked r e s e m b la n c e  o f  t h a l l i u m  
to  m e ta l s  o f  o t h e r  g ro u p s  su c h  a s  s i l v e r ,  p o ta s s iu m ,  m e rc u ry  and l e a d .
Lamy was t h e  f i r s t  t o  i s o l a t e  t h a l l i u m  i n  a p u r e  s t a t e  and h e  
was a l s o  t h e  f i r s t  t o  r e c o g n i z e  t h e  t o x i c i t y  o f  t h a l l i u m .  W h ile  e n g ag ed  
i n  h i s  r e s e a r c h ,  h e  s u f f e r e d  from  g e n e r a l  l a s s i t u d e  and w e ak n e ss  o f  t h e  
low er  l im b s ,  and t h i s  l e d  him  to  t e s t  t h e  t o x i c i t y  o f  t h e  s u l p h a t e  o f  
t h e  new e le m e n t  by f e e d i n g  i t  t o  d o g s ,  d u c k s ,  and h e n s .  The amount g iv e n  
i s  n o t  r e c o r d e d ,  b u t  a l l  o f  th e  a n im a ls  d i e d  a f t e r  h a v in g  g iv e n  e v id e n c e  
o f  i n t e s t i n a l  and r e s p i r a t o r y  e m b a r ra s s m e n t ,  p e r i p h e r a l  p a r a l y s i s  and  
g e n e r a l  w eakness  ( 3 1 ) .  C rookes  had  d o u b ts  a s  t o  th e  t o x i c i t y  o f  t h a l l i u m  
and i s  s a i d  t o  h a v e  t a k e n  s e v e r a l  g r a i n s  o f  a t h a l l i u m  compound w i t h o u t  
s u f f e r i n g  i l l  e f f e c t s  (3 4 ) .  B oth F a u l e t  (35 ) and G ran deau  ( 3 6 ) ,  a f t e r  
f u r t h e r  e x p e r i m e n t a t i o n ,  e x p re s s e d  t h e  o p i n io n  t h a t  i t  was more t o x i c  
th a n  l e a d .
D e a th  o f  t o a d s ,  m ic e ,  r a t s ,  r a b b i t s , d o g s ,  d u c k s ,  g e e s e  and 
q u a i l  h a v e  been  r e p o r t e d  a s  t h e  r e s u l t  o f  t h e  o r a l  a d m i n i s t r a t i o n  o f  on e  
o f  t h e  s o l u b l e  t h a l l i u m  compounds i n  am ounts e q u i v a l e n t  t o  6 - 4 0  n g .  o f  
t h e  m e ta l  p e r  k i lo g r a m  o f  body w e ig h t  (3 7 ,  3 8 ,  3 9 ,  4 0 ,  4 1 ) .  The a v a i l a b l e
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d a t a  i n d i c a t e  t h a t  r e s u l t s  w ere  n o t  g r e a t l y  d i f f e r e n t  when t h e  s u b c u t a ­
neous , o r a l  o r  i n t r a v e n o u s  r o u t e s  o f  a d m i n i s t r a t i o n  w ere  em ployed , b u t  
t h e  e a r l y  p a p e r s  do n o t  t a b u l a t e  p o s i t i v e  r e s u l t s  (4 2 ) .  Buschke and 
P i e s e r  (43 )  found  t h a t  o r g a n i c  compounds o f  t r i v a l e n t  t h a l l i u m  s u c h  a s  
t h a l l i u m  d im e th y l  b ro m ide  was o n ly  o n e - t e n t h  a s  t o x i c  a s  t h a l l o u s  a c e t a t e  
when a d m i n i s t e r e d  to  m ice . I l j i n  ejt ( 3 8 ) ,  h o w ev er ,  s t a t e  t h a t  c e r ­
t a i n  t r i v a l e n t  o r g a n i c  t h a l l i u m  compounds a r e  among t h e  m ost t o x i c  
compounds o f  t h i s  m e ta l .
T h y re s s o n  (44 ) and Sw ain and Bateman (40) h av e  o f f e r e d  e v id e n c e  
t h a t  t h e  a c t i o n  o f  t h a l l i u m  i s  c u m u la t iv e ,  e s p e c i a l l y  i n  c h r o n i c  ex p o ­
s u r e .  The l a t t e r  i n v e s t i g a t o r s  found  t h a t  t h e  e f f e c t s  o f  a d m i n i s t e r i n g  
200 wg. o f  a t h a l l i u m  compound t o  a dog i n  d iv id e d  d o s e s  o v e r  a  p e r i o d  
o f  t h i r t e e n  day s  was a s  m arked a s  th o s e  r e s u l t i n g  from  t h e  a d m i n i s t r a t i o n  
o f  a s i m i l a r  amount i n  f o u r  d a y s .  S e v e re  i n t o x i c a t i o n  o c c u r r e d  i n  r a t s  
a s  a  r e s u l t  o f  t h e  o r a l  a d m i n i s t r a t i o n  o f  0 .2  mg. o f  t h a l l i u m  a c e t a t e  
p e r  r a t  d a i l y  f o r  s e v e r a l  w eeks (4 5 ) .  The s t a t e m e n t  t h a t  a t o l e r a n c e  
f o r  s m a l l  am ounts o f  t h a l l i u m  c an  be  d e v e lo p e d  h a s  b een  a t t r i b u t e d  to  
Marme ( 4 6 ) ,  b u t  no o t h e r  i n v e s t i g a t o r s  h a v e  o b s e rv e d  t h i s  f e a t u r e  o f  
t h a l l i u m  t o x i c i t y .
The d i s t i n g u i s h i n g  f e a t u r e  o f  t h e  t o x i c  r e s p o n s e  to  t h a l l i u m  
t h a t  h a s  a ro u s e d  t h e  g r e a t e s t  i n t e r e s t  i s  i t s  a b i l i t y  t o  c a u s e  a l o p e c i a .  
A c co rd in g  t o  Cushny ( 4 7 ) ,  R i c h e t  (48) was t h e  f i r s t  p e r s o n  t o  r e c o r d  t h e  
f a c t  t h a t  c h r o n i c  p o i s o n in g  by t h a l l i u m  was accom panied  by  e p i l a t i o n  and  
g e n e r a l i z e d  m u sc u la r  a t r o p h y  a l th o u g h  S ab ou raud  (7) i s  u s u a l l y  c r e d i t e d  
w i t h  t h i s  o b s e r v a t i o n .  About t h i s  t im e ,  1898 , Combemale (6 )  a d v o c a te d  
t h e  u s e  o f  t h a l l i u m  a c e t a t e  f o r  c o l i t i s  and  f o r  l e s s e n i n g  t h e  n i g h t
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sw e a ts  o f  p h t h i s i s  ( t u b e r c u l o s i s ) .  He found  t h a t  s e v e r a l  day s  a f t e r  th e  
a d m in is t?  a t i o n  o f  t h e  t h a l l i u m  s a l t  t h e r e  was a c o m p le te  and  r a p i d  l o s s  
o f  h a i r .  T h is  was c o n f i rm e d  by Huchard,* J e a n s e lm e  and G u in a rd  (34) on 
p a t i e n t s .  However, B u schke j L o w en s te in  and  J o e l  (49) showed on r a b b i t s  
and g u in e a  p i g s  t h a t  t h e  o n s e t  o f  a l o p e c i a  i s  d e la y e d  f o r  a week o r  more 
and n e v e r  o c c u r s  i n  a n im a ls  t h a t  d i e  w i t h i n  a few days a f t e r  t h e  a d m in is ­
t r a t i o n  o f  t h e  t h a l l i u m .  B uschke  and h i s  c o -w o rk e rs  p u b l i s h e d  o v e r  40 
p a p e r s  on t h a l l i u m  i n t o x i c a t i o n  and e p i l a t i o n .  They p o i n t e d  o u t  t h a t  t h e  
e p i l a t i n g  e f f e c t  i s  m ost m arked on t h o s e  h a i r s  whose f o l l i c l e s  a r e  i n n e r ­
v a t e d  by t h e  s y m p a th e t i c  n e r v e s .  They m a in t a in e d  t h a t  t h e  t o x i c  a c t i o n  
was m e d ia te d  i n  some maruici by  a l t e r a t i o n s  i n  t h e  f u n c t i o n  o f  one  o r  
a n o th e r  o f  t h e  d u c t l e s s  g l a n d s  w h ich  i n  t u r n  a c t e d  upon t h e  s y m p a th e t i c  
n e rv o u s  sy s te m . T h is  v ie w ,  h o w e v er ,  h a s  b e en  q u e s t io n e d  by  L e ig h e b  ( 5 0 ) ,  
T r u f f i  (51 )  and  T h y re s s o n  ( 5 2 ) .  The p r e s e n t  c o n s e n s u s  i s  t h a t  t h e  sym­
p a t h e t i c  n e rv o u s  Ry:^tera i s  n o t  i n v o lv e d  i n  e p i l a t i o n ,  b u t  t h a t  t h a l l i u m  
a c t s  d i r e c t l y  on t h e  h a i r  f o l l i c l e  ( 5 3 ) .  R e c e n t  work by Baumann (54) 
and Lund (5 5 ,  56) p r e s e n t s  a  more a c c e p t a b l e  b a s i s  f o r  t h e  mode o f  
a c t i o n  o f  t h a l l i u m .  Baumann s t a t e s :
T i s s u e s  h i g h l y  s e n s i t i v e  t o  s h o r t  wave l e n g t h  r a d i a t i o n  a r e  a l s o  
s e n s i t i v e  t o  k a r y o c l a s t i c  p o i s o n s .  T h is  a p p l i e s  t o  t h e  h a i r  
f o l l i c l e s ,  t h e  thym us, t h e  t e s t i c l e s ,  t h e  s p l e e n ,  t h e  ly m p h a t ic  
g l a n d s  and p e rh a p s  t o  o t h e r  o rg a n s  n o t  y e t  i n v e s t i g a t e d .  The 
d e g re e  o f  s e n s i t i v i t y  o f  t h e  o rg a n s  and t i s s u e s  to  R o en tg en  
r a y s  i s  l a r g e l y  t h e  same a s  t h e i r  s e n s i t i v i t y  t o  k a r y o c l a s t i c  
p o i s o n s .
Lund fo und  t h a t  t h a l l i u m  f o l lo w s  p o ta s s iu m  i n  d i s t r i b u t i o n  and  e x c r e t i o n  
i n  t h e  body. S in c e  p o ta s s iu m  i s  d i s t r i b u t e d  p re d o m in a n t ly  i n t r a c e l l u -  
l a r l y  i n  t h e  b o d y , and  s i n c e  t h a l l i u m ,  w h ic h  i s  t o x i c  t o  t h e  c e l l ,  
f o l lo w s  p o ta s s iu m  i n  d i s t r i b u t i o n ,  t h a l l i u m  c a n  b e  c o n s i d e r e d  a s  a
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g e n e r a l i z e d  p r o to p la s m ic  p o i s o n .
The s i g n s  o f  s e v e r e  i n t o x i c a t i o n  o f  a n im a ls  by  t h a l l i u m  -  r e s t ­
l e s s n e s s *  t r e m o rs  * a t a x i c  g a i t *  c o n v u l s iv e  movements o f  t h e  l e g s  f o l lo w e d  
by p a r t i a l  p a r a l y s i s *  a n o re x ia *  l o s s  o f  w e ig h t*  c o n s t i p a t i o n  o r  b lo o d y  
d i a r r h e a *  and d y sp n e a  -  a r e  i n d i c a t i v e  o f  w id e s p r e a d  damage to  t h e  n e rv o u s  
s y s te m  and d i g e s t i v e  t r a c t *  and to  a l e s s e r  e x t e n t ,  t h e  c a r d i o v a s c u l a r  
s y s te m . Symptoms o f  n e rv o u s  d y s f u n c t i o n  a r e  commonly e n c o u n te r e d  and 
u s u a l l y  p re d o m in a te  o v e r  t h e  g a s t r o i n t e s t i n a l  d i s t u r b a n c e s .  D ixon  (57) 
s t a t e s  t h a t  n e u r o l o g i c a l  s i g n s  a r e  a lw ay s  d e l a y e d ,  t h e  im m e d ia te  a c t i o n  
b e in g  l i m i t e d  t o  a  r e l a x a t i o n  o f  sm ooth  m u sc le s  o f  t h e  b r o n c h i o l e s ,  i n ­
t e s t i n e s  and u t e r u s .  He fo un d  t h a t  d i r e c t  a p p l i c a t i o n  o f  t h a l l i u m  s a l t s  
to  t h e  g a n g l io n  i n  t h e  n e ck  o f  t h e  c a t  p e r m i t t e d  s u b l i m i n a l  s t i m u l i  to  
become e f f e c t i v e ,  and  from  t h i s  and  o t h e r  e x p e r i m e n t s ,  D ixon c o n c lu d e d  
t h a t  t h a l l i u m  a c t s  on  b o th  d i v i s i o n s  o f  t h e  au to n o m ic  n e rv o u s  s y s te m  as  
s t r y c h n i n e  do es  on  t h e  c e n t r a l  n e rv o u s  sy s te m . U n f o r t u n a t e l y ,  f u r t h e r  
w ork h a s  n o t  been  r e p o r t e d  t o  s u b s t a n t i a t e  t h i s  c o n c e p t .
I n  r e v ie w in g  t h e  l i t e r a t u r e ,  o n e  i s  im p r e s s e d  by t h e  l a c k  o f  a 
common o r  b a s i c  c o n c e p t  o f  t h e  m eaning  o f  t h e  te rm s  a c u t e ,  s u b a c u t e  and 
c h r o n i c  t o x i c i t y ,  p a r t i c u l a r l y  a s  r e l a t e d  t o  t h a l l i u m .  The c o n f u s i o n  i s  
compounded when i t  i s  c o n s i d e r e d  t h a t  many v a r i a b l e s  a r e  i n v o lv e d .  A 
d i g r e s s i o n  a t  t h i s  p o i n t  i s  a p p r o p r i a t e  i n  o r d e r  t o  e s t a b l i s h  a  d e f i n i t i o n  
f o r  t h e  te rm s  i n  q u e s t i o n .
• A c h ec k  o f  t h e  t o x i c o l o g y ,  m e d i c o - l e g a l  and  p h a rm aco lo g y  books
*
a v a i l a b l e  f a i l e d  t o  d i s c l o s e  a  p o s i t i v e  e x p l a n a t i o n  o f  t h e s e  te rm s  when 
th e y  w e re  u s e d .  An e x c e p t i o n  i s  a  b o o k l e t  by G eo rge  (58 ) on p e s t i c i d e s  
i n  w h ic h  h e  d e f i n e s  two o f  t h e s e  te rm s  a s  a p p l i e d  t o  h i s  f i e l d :
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A c u te  t o x i c i t y  r e f e r s  t o  t o x i c  e f f e c t s  u s u a l l y  s e v e r e  o r  l e t h a l ,  
im m e d ia te ly  r e s u l t i n g  from  a s i n g l e  e x p o s u re  to  o n e  a p p l i c a t i o n  
o f  a p e s t i c i d e .
and
C h ro n ic  t o x i c i t y  r e f e r s  t o  t o x i c  e f f e c t s  r e s u l t i n g  fro m  m u l t i p l e  
e x p o s u re  to  a  s i n g l e  a p p l i c a t i o n  o r  e x p o s u re  to  e a c h  o f  s e v e r a l  
a p p l i c a t i o n s  o v e r  a  p e r i o d  o f  t im e .  H ence, when t o x i c i t y  i s  
c u m u la t iv e ,  i t  i s  c o n s i d e r e d  c h r o n i c .
Most a u th o r s  do n o t  i l l u s t r a t e  t h e i r  v iew  t h i s  c l e a r l y ,  b u t  depend  upon 
t h e  a c c e p ta n c e  o f  a d e f i n i t i o n  r e c o r d e d  by a v a g u e  p r e d e c e s s o r  who i s  
n e v e r  i d e n t i f i e d .  O th e r s  s im p ly  im p ly  w ha t t h e i r  d e f i n i t i o n  o r  c o n c e p t  
i s .  F o r  ex am p le . P r i c k  ^  £ l .  (29 )  i n  t h e i r  d i s c u s s i o n  o f  t h a l l i u m  p o i ­
s o n in g  make t h i s  s t a t e m e n t  r e g a r d i n g  t e n  c a s e s  o f  t h a l l o t o x i c o s i s :
To th e  f i r s t  ( t y p e )  b e lo n g  a number o f  a c u t e l y  d e v e lo p in g  
c a s e s  o f  i l l n e s s  e n d in g  i n  d e a t h  a f t e r  a week t o  t e n  d a y s .
The se co n d  g ro u p  p a s s e d  f i r s t  th r o u g h  an  a c u t e  p h a s e  and  th e n  
i n t o  a c h r o n i c ,  much more q u i e t l y  d e v e lo p in g  sy n d ro m e , w h ich  
som etim es l a s t e d  s i x  m onths o r  l o n g e r  and showed new symptoms 
d u r in g  t h i s  p e r i o d .  Betw een t h e  a c u t e  form  e n d in g  i n  d e a th  
and  t h e  c h r o n i c  form  o f  t h e  t h a l l i u m  i n t o x i c a t i o n  we c a n  p l a c e  
a s  a g r a d u a l  t r a n s i t i o n  t h e  s u b a c u t e  fo rm , e x te n d in g  o v e r  no 
m ore th a n  from  s i x  w eeks t o  t h r e e  o r  f o u r  m onths .
G e t t l e r  and W eiss  (37 ) i l l u s t r a t e  t h e i r  c o n c e p t  a s  to  t im e  and symptom­
a t o l o g y .  E x c e r p t s  a r e  p r e s e n t e d  h e r e :
I n  t h e  a c u t e  f a t a l  c a s e s ,  a f t e r  t a k i n g  a l a r g e  d o s e ,  t h e  
symptoms a r e  g a s t r o i n t e s t i n a l  c o l i c ,  v o m i t i n g ,  t r e m b l i n g ,  
c o n v u l s io n s  f o l lo w e d  by m oto r p a r a l y s i s ,  d y sp n e a ,  c o l l a p s e ,  
and d e a th  i n  a b o u t  t h i r t y  h o u r s .
I n  t h e  s u b a c u t e  p o i s o n i n g s ,  w h e re  t h e  p a t i e n t  l i v e s  f o r  
s e v e r a l  days  t o  t h r e e  o r  f o u r  w e e k s ,  t h e  symptoms t h a t  have  
been  o b s e rv e d  more commonly a r e  . . .
I n  c h r o n i c  p o i s o n in g  t h e  o n l y  c h a r a c t e r i s t i c  f i n d i n g  i s  
a l o p e c i a  ( t h e  f a l l i n g  o u t  o f  h a i r ) .  O th e r  symptoms t h a t  h ave  
b e en  o b s e rv e d  a r e  . . .
R
I n  a d i s c u s s i o n  on t h e  t o x i c i t y  o f  T r a n c o p a l ,  W in th ro p  L a b o r a t o r i e s  
p r e s e n t e d  t h i s  i n f o r m a t i o n  (5 9 ) :
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ACUTE TOXICITY The tw e n ty - f o u r  h o u r  ID cq was com puted t o  b e  
1680 t  206 ip g ./k g .  T ox ic  d o se s  c a u s e d  a t a x i a ,  s e d a t i o n  and n a r ­
c o s i s ,  and d e a th  from  r e s p i r a t o r y  a r r e s t  o c c u r r e d  w i t h i n  two to  
f o u r  h o u r s  a f t e r  m e d ic a t io n ,  w i t h  some d e a t h s  d e la y e d  up t o  t h e  
s e v e n th  p o s tm e d ic a t io n  day .
SUBACUTE TOXICITY T ra n c o p a l  was t o l e r a t e d  by  a l b i n o  r a t s  
when g iv e n  i n  an  o r a l  d o se  o f  e i t h e r  314 o r  501 m g . /k g . / d a y  f o r  
f i v e  c o n s e c u t i v e  d a y s ,  b u t  was n o t  w e l l  t o l e r a t e d  i n  d a i l y  d o s e s  
o f  795 and 1000 m g ./k g .  . . . D e a th s  due  t o  s e v e r e  d e p r e s s i o n  
o c c u r r e d  w i t h i n  two t o  fo u r  day s  a t  d o s e s  o f  795 and 1000 m g . / k g . /  
day .
CHRONIC TOXICITY I n  a one  y e a r  s t u d y  o f  c h r o n i c  t o x i c i t y  on 
o r a l  a d m i n i s t r a t i o n  i n  monkeys, T r a n c o p a l  was g iv e n  i n  s i n g l e  
d a i l y  d o s e s  o f  10 , 3 0 ,  and 90 m g/kg. The o n ly  p h a rm a c o lo g ic  r e ­
sp o n s e  t o  t h e  d ru g  was d e s c e n d in g  d e p r e s s i o n  o f  t h e  s p i n a l  c o r d  
w h ich  r e s u l t e d  i n  a t a x i a  a t  t h e  h i g h e s t  d o sa g e  l e v e l .
F a i r h a l l  (60 )  i n  t h e  i n t r o d u c t i o n  o f  h i s  book . I n d u s t r i a l  T o x ic o lo g y ,  s a y s
I t  w i l l  be  a p p a r e n t  t h e r e f o r e  t h a t  t h e  te rm  t o x i c i t y  does  n o t  r e f e r  
t o  a f i x e d  q u a n t i t y ,  su c h  a s ,  s a y ,  a c o n s t a n t  o f  n a t u r e .  On t h e  
c o n t r a r y ,  i t  i s  a d e s c r i p t i v e  t e rm  and i s  more o f t e n  c l e a r l y  u n d e r ­
s to o d  when a p p l i e d  i n  r e l a t i o n  t o  o t h e r  a n a lo g o u s  s u b s t a n c e s .
I f  one  t u r n s  t o  t h e  g e n e r a l l y  a c c e p t e d  s t a n d a r d s  s u c h  a s  B o r l a n d 's  I l l u s ­
t r a t e d  M e d ica l  D i c t i o n a r y  and W e b s t e r ' s  U n a b r id g e d  D i c t i o n a r y ,  t h e s e  
d e f i n i t i o n s  a r e  fo u n d :
. A cu te  -  " a t t e n d e d  w i t h  symptoms o f  some d e g re e  o f  s e v e r i t y ,  and 
d e v e lo p in g  r a p i d l y  o r  coming s p e e d i l y  t o  a c r i s i s . "
S u b a c u te  -  "b e tw een  a c u t e  and c h r o n i c ,  b u t  w i t h  some a c u t e  f e a t u r e s . "
C h ro n ic  -  " c o n t i n u i n g  f o r  a lo n g  t im e ;  o f  a  d i s e a s e ,  o f  lo n g  d u r a ­
t i o n  o r  c h a r a c t e r i z e d  by  s lo w ly  p r o g r e s s i n g  sym ptom s."
I t  s h o u ld  be  e v id e n t  f rom  t h e  p r e c e d in g  q u o t a t i o n s  t h a t  no s i n g l e ,  s im p le  
d e f i n i t i o n  i s  a d e q u a te  t o  e x p re s s  t h e  m eaning  o f  e a c h  te rm . T h e r e f o r e ,  
r a t h e r  t h a n  become l o s t  i n  w o rd s ,  t h e  d e f i n i t i o n  o f  t h e  te rm s  in v o lv e d  
a r e  p r e s e n t e d  i n  a t a b u l a r  form  i n  T a b le  1. From t h i s  t a b l e  a b e t t e r  
u n d e r s t a n d i n g  o f  t h e  te rm s  a c u t e ,  s u b a c u t e  and c h r o n i c  may b e  a s c e r ­




C la s s
D osage  o r  
E :q)osure
L a t e n t
P e r i o d Symptoms
A cu te S i n g l e S h o r t S e v e re
A c u te
M u l t i p l e  a t  
S h o r t  I n t e r v a l s S h o r t S e v e re
A cu te S i n g l e Long S e v e re
A cu te
M u l t i p l e  a t  
S h o r t  I n t e r v A l s Long S e v e re
S u b a c u te S i n g l e S h o r t M ild
S u b a c u te
M u l t i p l e  a t  
S h o r t  I n t e r v a l s S h o r t M ild
S u b a c u te S i n g l e Long M ild
S u b a c u te
M u l t i p l e  a t  
S h o r t  I n t e r v a l s Long M ild
C h ro n ic
M u l t i p l e  o v e r  
a  Long I n t e r v a l Long S e v e re
C h ro n ic
M u l t i p l e  o v e r  
a  Long I n t e r v a l Long M ild
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T he u s e  o f  t h e  te rm s  gcv: % - '- 'h acu te  and c h ro n ic  i n  t h i s  p a p e r  
w i l l  c o r r e s p o n d  Lo Ih c  f o r e g o in g  t u L i e ,  and w hpre  s u f f i c i e n t  e v id e n c e  
w a r r a n t s  a  ch an g e  from  t h a t  found  i n  t h e  l i t e r a t u r e ,  t h e  t e r m in o lo g y  w i l l  
b e  changed  t o  a g re e  w i t h  t h i s  c o n c e p t .
A t n e c r o p s y ,  t h e  p red o m in an t  l e s i o n s  a r e  i n  t h e  d i g e s t i v e  t r a c t  
(6 1 ,  6 2 ) ,  n e rv o u s  s y s te m  (6 2 ,  6 3 , 6 4 ,  65) and k id n e y s  ( 6 5 ) .  L e s io n s  a r e  
a l s o  found  i n  o t h e r  o r g a n s  and t i s s u e s .
H i s t o l o g i c a l  e x a m in a t io n  by P r i c k  e t  a l . (29) i n  s e v e r a l  c a s e s  
o f  a c u t e  p o i s o n i n g s  w h e re  d e a th  h ad  o c c u r r e d ,  found  d e g e n e r a t i v e  ch an g e s  
i n  th e  p e r i p h e r a l  n e rv o u s  sy s te m  w h e re a s  t h e  c e n t r a l  n e rv o u s  sy s te m  was 
b u t  s l i g h t l y  a f f e c t e d .  Many p e r i p h e r a l  n e r v e s  showed an i r r e g u l a r  a p ­
p e a ra n c e  a n d  v a c u o l i z a t i o n  o f  t h e  a x i s  c y l i n d e r s .  O th e r  n e u ro n s  w ere  
d i s r u p t e d  an d  s w o l l e n ,  and m y e lin  d e g e n e r a t i o n  and  s w e l l i n g  o f  Schw ann 's  
c e l l s  w e re  r e p o r t e d .
I n  s u b a c u te  p o i s o n in g s  t h e r e  may be  d i s o r d e r s  i n  a d d i t i o n  to  
t h o s e  p r e v i o u s l y  m e n t io n e d ,  nam ely ; c o n g e s t i o n  o f  t h e  c e r e b r a l  m en in g ea l  
b lo o d  v e s s e l s ,  h y p e re m ia ,  p a ren ch y m a to u s  d e g e n e r a t i o n ,  g r a n u l a r  and f a t t y  
d e g e n e r a t i o n  o f  i n t e r n a l  o r g a n s ,  and edema and c o n g e s t i o n  o f  t h e  lu n g s .
I n  c h r o n i c  t h a l l i u m  p o i s o n in g  t h e  c e n t r a l  n e rv o u s  s y s te m  shows 
marked c h a n g e s .  T h ese  c h a n g e s  a r e  c h a r a c t e r i z e d  by edema, a d e c r e a s e  i n  
t h e  number o f  g a n g l io n  c e l l s ,  a p a u c i t y  o f  c e l l s  i n  t h e  n u c l e a r  a r e a s  o f  
t h e  b r a i n  w i t h  n u c l e a r  m a l f o r m a t io n ,  t i g r o l y s i s ,  v a c u o l a r  d e g e n e r a t io n  
and c h r o m a t o l v s i s .
I n  T a b le  2 m ost o f  t h e  h i s t o l o g i c a l  c h a n g e s  found  a t  a u to p s y  on 
human b e in g s  and a n im a ls  a f t e r  p o i s o n in g  by t h a l l i u m  a r e  sum m arized .
The a c u t e ,  p ro fo u n d  i n t o x i c a t i o n  w h ic h  fo l lo w s  i n g e s t i o n  o f
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TABLE 2
HISTOLOGICAL CHANGES AFTER 
THALLIUM POISONING
Organ
P a ren c h y m a to u s
D e g e n e r a t i o n
F a t t y
I n f i l t r a t i o n Hem orrhage C o n g e s t io n
H e a r t 61 , 62 2 9 ,  37
L iv e r 5 0 ,  61 , 63 2 9 ,  37
K idney 4 1 ,  5 0 , 6 1 , 65 2 9 , 37 5 0 ,  63
S p le e n
P a n c re a s 4 1 ,  50 50
T e s t e s
O v a r ie s 50
T h y ro id 50 , 9 5 , 96 50 50 •
Lungs 5 0 , 63
M usc le 4 8 ,  50
Stom ach 4 1 ,  50 50
S m all
I n t e s t i n e
-
50
L a rg e
I n t e s t i n e 50
A d re n a l 63 63
P i t u i t a r y 50
Eye 49
P a r a t h y r o i d 63
S k in
/
5 1 , 57
Sw eat
G lan ds
B r a in
Numbers r e f e r  t o  s p e c i f i c  b i b l i o g r a p h i c  r e f e r e n c e s  g i v i n g  
i n f o r m a t i o n  on h i s t o l o g i c a l  c h a n g e s .
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TABLE 2 -C o n t in u e d
Edema In f la m m a t io n K a ry o ly s lB V a c u o la t io n N e c r o s i s A tro p h y
2S
65 2 9 ,  4 1 ,  50
29 54
4 1 ,  50 4 1 ,  50
54 4 9 , 54
50 50
48




4 9 .  67 49 6 7 , 97
5 0 ,  54 50
54 50
29 . • 29 29
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l e t h a l  am ounts o f  t h a l l i u m  s a l t s  h a s  been  w e l l  docum ented  by G in sb e rg  and
Nixon (66 ) i n  t h e i r  r e p o r t  on e l e v e n  c a s e s  o f  t h a l l o t o x i c o s i s  r e s u l t i n g  
from  th e  i n g e s t i o n  o f  t o r t i l l a s  made from  " T h a l g r a i n . "  V o m itin g ,  p a r e s ­
t h e s i a  and  s e v e r e  c ram ps w i t h  d i a r r h e a  d e v e lo p e d  w i t h i n  tw e n ty - f o u r  h o u r s  
a f t e r  e a t i n g  th e  c o n ta m in a te d  fo o d . S t o m a t i t i s  was m arked , s a l i v a t i o n  
was i n c r e a s e d ,  t h e  b r e a t h  was f o u l  and  t h e r e  w e re  b l e b s  on t h e  l i p s .  I n  
some c a s e s  t h e r e  was a  p u r p l e  l i n e  a t  t h e  g i n g i v o d e n t a l  m a rg in .  W i th in  
f i v e  day s  a l l  p a t i e n t s  showed s i g n s  o f  c e r e b r a l  in v o lv e m e n t .  A c h e m ic a l  
e n c e p h a l i t i s  w i t h  e v id e n c e  o f  i n j u r y  t o  t h e  c r a n i a l  n e r v e s ,  c h o r e i f o r m  
movements and  m u s c u la r  t w i t c h i n g  d e v e lo p e d .  C o n v u ls io n s  and  d e l i r i u m  
w e re  n o t e d  i n  t h e  m ore s e v e r e  c a s e s .  A t e r m i n a l  r i s e  i n  t e m p e r a t u r e  was 
n o t e d .  D e a th  was a t t r i b u t e d  t o  r e s p i r a t o r y  f a i l u r e .
D epend ing  on t h e  d e g re e  o f  i n t o x i c a t i o n ,  p a r a l y s i s  w i t h  d im in u ­
t i o n  i n  r e f l e x e s  may s u p e r v e n e .  The m ost commonly r e p o r t e d  s i g n  o f  t h i s  
ty p e  i s  f o o t  d ro p .  P a r e s t h e s i a  and  h y p e r e s t h e s i a  o c c u r  i n  t h e  arms and 
l e g s ,  b u t  t h e s e  symptoms a r e  u s u a l l y  more m arked i n  t h e  lo w er  e x t r e m i t i e s .  
T h e re  may a l s o  be  p a i n s  i n  t h e  t h o r a x  and j o i n t s .  A n o th e r  s e r i o u s  c o n ­
s e q u e n c e  i s  o p t i c  n e u r i t i s  (6 7 ,  6 8 ) .  M a l a i s e ,  in so m n ia  and a g i t a t i o n  may 
e x i s t .  C o n s t i p a t i o n  o r  o b s t i p a t i o n  u s u a l l y  i s  p r e s e n t ,  b u t  d i a r r h e a  c a n  
o c c u r .  L a t e r  t h e  s k i n  may become t h i c k  and s c a l y ,  e s p e c i a l l y  on t h e  lo w er
l im b s .  T h ese  symptoms may r u n  a  c o u r s e  o f  s e v e r a l  day s  t o  s e v e r a l  w e e k s ,
and e p i l a t i o n  u s u a l l y  b e g in s  d u r in g  t h e  t h i r d  week th u s  r e v e a l i n g  a  d e f ­
i n i t e  d i a g n o s t i c  c l u e .  L a b o r a to r y  f i n d i n g s  i n  su c h  c a s e s  o f t e n  w i l l  
r e v e a l  a l e u k o c y t o s i s ,  e r y t h r o p e n i a ,  a lb u m in u r ia  (20) and t h e  p r e s e n c e  
o f  t h a l l i u m  i n  t h e  u r i n e .  The m ethods f o r  t h e  d e t e c t i o n  and q u a n t i t a t i o n  
o f  t h a l l i u m  i n  t h e  u r i n e ,  f e c e s  and  t i s s u e s  a r e  v a r i e d .  A b r i e f
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d e s c r i p t i o n  o f  s e v e r a l  m ethods f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  
t h a l l i u m  a r e  sum m arized :
G r a v im e t r i c  M ethods
W eigh ing  a s  T h a l lo u s  I o d i d e  o r  
T h a l lo u s  Bromide (69)
The t h a l l i u m  i n  s o l u t i o n  i s  p r e c i p i t a t e d  a s  t h a l l o u s  b rom ide  o r  
i o d i d e  by  t h e  g r a d u a l  a d d i t i o n  o f  a s o l u t i o n  o f  h y d ro g en  b ro m id e  o r  h y ­
d ro g e n  i o d i d e  r e s p e c t i v e l y .  The p r e c i p i t a t e  i s  c o l l e c t e d  by means o f  a 
P r e g l  f i l t e r  t u b e ,  and  w ashed  f i r s t  w i t h  a s o l u t i o n  o f  h y d ro g e n  b ro m id e  
o r  h y d ro g e n  i o d i d e ,  and  th e n  w i t h  a c e to n e .  The p r e c i p i t a t e  i s  d r i e d  a t  
80 to  100 d e g r e e s  c e n t i g r a d e  f o r  on e  h o u r  w h i l e  p a s s i n g  f i l t e r e d  a i r  
th ro u g h  t h e  t u b e ,  and i s  t h e n  w e ig h ed .
W eigh ing  a s  T h a l l i c  O xide  (70)
The t h a l l i u m  i s  p r e c i p i t a t e d  a s  t h a l l i c  h y d r o x id e  by  p o ta s s iu m  
h y d r o x id e  p l u s  p o ta s s iu m  f e r r i c y a n i d e  o r  by  ammonium h y d r o x id e  p lu s  
b ro m in e .  The p r e c i p i t a t e  i s  c o l l e c t e d  by f i l t r a t i o n  i n  a Gooch c r u c i b l e ,  
w a sh e d , d r i e d  a t  200  d e g r e e s  c e n t i g r a d e  and w e ig h ed  a s  t h a l l i c  o x id e .
W eigh ing  a s  T h a l lo u s  C hrom ate  (7 1 ,  72)
The s o l u t i o n  c o n t a i n i n g  t h e  t h a l l o u s  i o n  i s  made am m on iaca l ,  
h e a t e d  t o  7 0 -80  d e g r e e s  c e n t i g r a d e ,  and a s o l u t i o n  o f  p o t a s s iu m  d i c h r o -  
raa te  i s  added  w h i l e  s t i r r i n g .  A f t e r  s t a n d i n g  tw e lv e  h o u r s ,  t h e  p r e c i p ­
i t a t e  i s  c o l l e c t e d  i n  a  Gooch c r u c i b l e ,  w ash ed  w i t h  a on e  p e r  c e n t  
c h ro m a te  s o l u t i o n ,  and  w i t h  a l c o h o l ,  and i s  th e n  d r i e d  and  w e ig h ed .
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C o l o r i m e t r i c  Methods 
D l t h l z o n e  (73)
The p r o c e d u r e  I s  s i m i l a r  t o  t h a t  f o r  l e a d .  The r e d ,  c h lo r o fo r m  
s o l u t i o n  o f  t h e  t h a l l i u m  -  d l t h l z o n e  com plex  I s  c o l l e c t e d ,  w a sh e d , made 
t o  d e f i n i t e  vo lum e w i t h  c h lo r o f o r m  and t h e  c o l o r  r e a d  a g a i n s t  a s i m i l a r l y  
p r e p a r e d  s t a n d a r d  o r  by means o f  a p h o t o e l e c t r i c  c o l o r i m e t e r .
L i b e r a t i o n  o f  F r e e  I o d i n e  (7 4 ,  75)
The t h a l l i u m  I s  o x i d i z e d  t o  t h e  t h a l l l c  s t a t e  w i t h  b ro m in e .  Ex­
c e s s  o x i d i z i n g  a g e n t  I s  rem oved . A s m a l l  e x c e s s  o f  p o ta s s iu m  I o d i d e  I s  
added . The t h a l l l c  I o n s  l i b e r a t e  an e q u i v a l e n t  amount o f  f r e e  I o d i n e .
The l a t t e r  I s  e x t r a c t e d  w i t h  c a r b o n  d i s u l f i d e ,  made to  a d e f i n i t e  v o lu m e , 
and t h e  c o l o r  r e a d  I n  a c o l o r i m e t e r  a g a i n s t  a s t a n d a r d  I o d i n e  s o l u t i o n  
I n  c a rb o n  d i s u l f i d e .
R e a c t io n  w i t h  P hosphom olybd lc  A cid  (76)
T he b l u e  c o l o r  o b t a i n e d  by  a d d in g  ph osphom olybd lc  a c i d  and a 
s t r o n g  s o l u t i o n  o f  h y d ro g en  b ro m id e  t o  a s o l u t i o n  c o n t a i n i n g  t h a l l o u s  
I o n s  I s  r e a d  I n  a  c o l o r i m e t e r  a g a i n s t  a s t a n d a r d  t h a l l o u s  s o l u t i o n  s im ­
i l a r l y  p r e p a r e d .
V o lu m e t r ic  M ethods 
T i t r a t i o n  w i t h  P e rm an g a n a te  (77)
The s o l u t i o n  c o n t a i n i n g  t h a l l o u s  I o n s  I s  made a l k a l i n e  w i t h  
p o ta s s iu m  h y d r o x i d e .  A m easu red  q u a n t i t y  o f  s t a n d a r d  p o ta s s iu m  f e r r l -  
c y a n ld e  I s  a d d e d . The t h a l l o u s  I o n s  p r e s e n t  r e d u c e  an e q u i v a l e n t  amount 
o f  p o ta s s iu m  f e r r l c y a n l d e  to  p o ta s s iu m  f e r r o c y a n l d e ,  w h ich  I s  th e n  t i ­
t r a t e d  w i t h  a s t a n d a r d  p o ta s s iu m  p e rm a n g a n a te  s o l u t i o n .
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T i t r a t i o n  w i t h  C e r i c  S u lp h a te  (78)
The p ro c e d u r e  i s  s i m i l a r  t o  t h a t  o f  t h e  p e rm a n g an a te  m ethod e x ­
c e p t  t h a t  c e r i c  s u l p h a t e  i s  u s e d  i n  p l a c e  o f  p o ta s s iu m  p e rm a n g a n a te .
T i t r a t i o n  w i t h  Brom ate  S o l u t i o n  (79)
The t h a l l o u s  i o n s  i n  h y d r o c h l o r i c  a c i d  s o l u t i o n  a r e  t i t r a t e d  
w i th  a s t a n d a r d  b ro m a te  s o l u t i o n  u s in g  m e th y l  o r a n g e  a s  t h e  i n d i c a t o r .
l o d o m e t r i c  Method (8 0 )
The t h a l l i u m  i s  o x i d i z e d  t o  t h e  t h a l l i c  s t a t e  w i t h  b ro m in e .  Ex­
c e s s  o x i d i z i n g  a g e n t  i s  rem oved. P o ta s s iu m  i o d i d e  i s  th e n  a d d ed . The 
t h a l l i c  i o n s  l i b e r a t e  an e q u i v a l e n t  amount o f  f r e e  i o d i d e  w h ic h  i s  t h e n  
t i t r a t e d  w i t h  s t a n d a r d  sod ium  t h i o s u l p h a t e  s o l u t i o n .
Most o f  t h e s e  m ethods a r e  a d a p te d  t o  t h e  q u a n t i t a t i v e  d e te r m in a ­
t i o n  o f  f a i r l y  l a r g e  am ounts o f  t h a l l i u m ,  b u t  a r e ,  i n  many i n s t a n c e s ,  n o t  
s u f f i c i e n t l y  s e n s i t i v e  t o  d e te r m in e  t h e  m ic ro  q u a n t i t i e s  fo u n d  i n  t i s s u e s .  
I n  a d d i t i o n ,  t h e  r e a c t i o n s  i n v o lv e d  a r e  n o t  s p e c i f i c  f o r  t h a l l i u m .  A 
m ethod t h a t  i s  s p e c i f i c  and s u f f i c i e n t l y  s e n s i t i v e  f o r  d e t e r m i n a t i o n  o f  
v e r y  s m a l l  am ounts i s  n e c e s s a r y .
CHAPTER I I I  
METHODS AND PROCEDURES
The m ethod p r e s e n t e d  h e r e  f o r  t h e  d e t e r m i n a t i o n  o f  t h a l l i u m  i s  
foun ded  p a r t l y  upon f a m i l i a r  p r i n c i p l e s  and p a r t l y  upon o t h e r  p r i n c i p l e s  
p u b l i s h e d  e a r l i e r  b u t  n o t  u t i l i z e d .  C a n n e r i  and P e r in a  (8 1 ,  82) s t a t e  
t h a t  upon t h e  a d d i t i o n  o f  p o ta s s iu m  i o d i d e  t o  an  a c i d  s o l u t i o n  c o n t a i n i n g  
t h a l l i u m  ( I ) ^  and b i s m u th ,  t h a l l i u m - b i s m u th  i o d i d e ,  ( T l I ) 2 . B i I ^ ,  s e p a r a t e s  
q u a n t i t a t i v e l y  a s  w i n e - r e d  m i c r o c r y s t a l s .  I c e  and Shoemaker (83) d e v e l ­
oped  a p r o c e d u r e  f o r  th e  d e t e r m i n a t i o n  o f  t h a l l i u m  i n  b i o l o g i c a l  t i s s u e s  
and f l u i d s  b a s e d  upon t h i s  p r i n c i p l e .  The t h a l l i u m  was p r e c i p i t a t e d  by 
th e  a d d i t i o n  o f  a  s o l u t i o n  c o n t a i n i n g  b ism u th  n i t r a t e  and p o ta s s iu m  i o ­
d i d e .  The p r e c i p i t a t e  was f i l t e r e d ,  w ashed  and d i s s o l v e d  by a s o l u t i o n  
c o n t a i n i n g  s u l p h u r i c  a c i d  and  sod ium  n i t r i t e .  The i o d i n e  was rem oved by 
b o i l i n g  and t h e  s o l u t i o n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d .  A s m a l l  amount 
o f  c h lo r o f o r m  was added  and t h e  aqueous s o l u t i o n  t i t r a t e d  w i t h  O.OIN po­
ta s s iu m  i o d a t e .  T h i s  m ethod showed an a c c u ra c y  o f  ^  2 p e r  c e n t  i n  t h e  
r a n g e  o f  one  t o  t e n  m i l l ig r a m s  o f  t h a l l i u m .
R e i t h  and  G e r r i t s m a  (84 )  d e s c r i b e d  a method f o r  th e  d e t e r m i n a t i o n  
o f  t h a l l i u m  i n  t i s s u e s  and f l u i d s .  I t  was b a s e d  upon p a r t i a l  d e s t r u c t i v e  
o x i d a t i o n  w i t h  p o ta s s iu m  c h l o r a t e  and h y d r o c h l o r i c  a c i d ,  e x t r a c t i o n  w i th
1T h a l l iu m  ( I ) , i n d i c a t e s  t h e  t h a l l o u s  o r  m o no va len t  s t a t e  o f  t h a l ­
l iu m . T h a l l iu m  ( I I I )  i n d i c a t e s  t h e  t h a l l i c  o r  t r i v a l e n t  s t a t e  o f  t h a l l i u m .
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e t h e r  a s  t h a l l i c  c h l o r i d e ,  rem o v a l  from  t h e  e t h e r  l a y e r  a s  t h a l l o u s  c h l o ­
r i d e  w i t h  w a te r  c o n t a i n i n g  s u lp h u r  d i o x i d e ,  and  d e s t r u c t i o n  o f  m in u te  
q u a n t i t i e s  o f  accom panying  o r g a n ic  s u b s t a n c e s  by a w et a s h in g  p r o c e d u r e .  
The t h a l l i u m  was p r e c i p i t a t e d  a s  t h a l l o u s  i o d i d e  and i s o l a t e d  by c e n t r i ­
f u g in g .  The p r e c i p i t a t e  c an  be  d e te rm in e d  g r a v i m e t r i c a l l y  o r  v o l u m e t r i -  
c a l l y  by  a p ro c e d u r e  w h ich  i n c o r p o r a t e s  an l o d o m e t r i c  t i t r a t i o n ,  and i s  
u s e f u l  f o r  th e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  from  0 .0 1  mg. to  5 mg. o f  
t h a l l i u m .
A n o th e r  m ethod f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h a l l i u m  i s  
p r e s e n t e d  h e r e .  A w e ig h ed  sam p le  o f  b i o l o g i c a l  m a t e r i a l  (2 -1 5  gm. ) i s  
p l a c e d  i n  a 50 m l. K j e h ld a h l  f l a s k ,  and s u l p h u r i c  and  n i t r i c  a c i d s  add ed . 
F iv e  m l. o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  i s  s u f f i c i e n t  f o r  t h e  e n t i r e  a s h ­
in g  p r o c e d u r e ,  and t e n  m l. o f  c o n c e n t r a t e d  n i t r i c  a c i d  i s  s u i t a b l e  f o r  
s t a r t i n g  th e  d i g e s t i o n .  The sa m p le s  a r e  p e r m i t t e d  to  s e t  a t  room te m p e ra ­
t u r e  f o r  a few h o u r s  o r  u n t i l  t h e  t i s s u e s  a r e  i n  s o l u t i o n .  A c c e l e r a te d  
d i g e s t i o n  by t h e  im m e d ia te  a p p l i c a t i o n  o f  h e a t  w i l l  c a u s e  foam ing  and 
f r o t h i n g ,  and p o s s i b l e  l o s s  o f  t h a l l i u m  by  o v e r f lo w .  The u s e  o f  a s l i g h t ­
l y  l a r g e r  f l a s k  m ig h t  p r e v e n t  t h e  o v e r f lo w ,  b u t  a q u a n t i t a t i v e  t r a n s f e r  
becomes d i f f i c u l t .  When t h e  sam p le  i s  f l u i d ,  i t  i s  h e a t e d  g e n t l y  u n t i l  
t h e r e  i s  no f u r t h e r  f r o t h i n g .  More h e a t  i s  a p p l i e d ,  and  n i t r i c  a c i d  i s  
added d ro p w ise  when t h e  s o l u t i o n  d i s c o l o r s  from  c h a r r i n g .  The a d d i t i o n  
o f  n i t r i c  a c i d  and  h e a t i n g  i s  c o n t in u e d  u n t i l  no f u r t h e r  c h a r r i n g  a p p e a r s .  
The s o l u t i o n  i s  h e a t e d  u n t i l  t h e  fumes o f  s u l p h u r  t r i o x i d e  a p p e a r .  I f  
t h e  s o l u t i o n  do es  n o t  d i s c o l o r  a t  t h i s  t i m e ,  i t  i s  s e t  a s i d e  to  c o o l .
A f t e r  c o o l i n g ,  t e n  m l. o f  d i s t i l l e d  w a t e r  a r e  added t o  t h e  s o l u t i o n  w h ich  
i s  a g a i n  h e a t e d  u n t i l  s u l p h u r  t r i o x i d e  fum es a p p e a r .  When t h e  s o l u t i o n
h a s  c o o le d ,  i t  i s  t r a n s f e r r e d  q u a n t i t a t i v e l y  to  a 25 m l. o r  50 m l. v o l u ­
m e t r i c  f l a s k  and b r o u g h t  t o  vo lum e.
A two ml. a l i q u o t  i s  t a k e n  f o r  a n a l y s i s .  The t h a l l i u m  i s  b ro u g h t  
down a s  a  com plex  w i t h  an e x c e s s  o f  p r e c i p i t a t i n g  s o l u t i o n  ( 1 0  ml. o f  one  
p e r  c e n t  b ism u th  n i t r a t e ,  two gram s o f  p o ta s s iu m  i o d i d e ,  and f i v e  gram s 
o f  sod ium  b i s u l f i t e ,  i n  a t o t a l  volum e o f  1 0 0  m l . )  i n  a s m a l l  t u b e  s u i t ­
a b l e  f o r  c e n t r i f u g a t i o n .  The p r e c i p i t a t e  form ed i s  t h a l l i u m - b i s m u th  
i o d i d e ,  ( T l I ) 2 . B i I g ,  w h ich  h a s  a c h a r a c t e r i s t i c  w in e - r e d  ( re d -b ro w n )  
c o l o r .  The sam p le  i s  c e n t r i f u g e d  a t  568 R. C. F . ( R e l a t i v e  C e n t r i f u g a l  
F o r c e )  (85 )  f o r  f i f t e e n  m in u te s .  The s u p e r n a t a n t  l i q u i d  i s  ch eck ed  f o r  
c o m p le te n e s s  o f  p r e c i p i t a t i o n  and d i s c a r d e d .  I f  t h e  t h a l l i u m  c o n t e n t  o f  
any two m l. a l i q u o t  i s  more t h a n  3 m g . , a f i l m  o f  t h e  p r e c i p i t a t e  i s  
form ed on th e  s u r f a c e  o f  t h e  l i q u i d  w h ich  d o e s  n o t  s e d im e n t  upon c e n t r i ­
fu g in g .  T h is  w ould  c a u s e  a  l o s s  i f  i t  w e re  p o u red  o f f  w i t h  t h e  s u p e r ­
n a t a n t  f l u i d .  A d ro p  o f  amyl a l c o h o l  w i l l  a i d  i n  d i s p e r s i n g  t h e  p r e c i p i ­
t a t e ,  b u t  i t  i s  b e s t  t o  k e e p  t h e  t o t a l  amount o f  t h a l l i u m  i n  t h e  o r i g i n a l  
a l i q u o t  l e s s  th a n  250 meg. F o r  t h i s  am oun t, one  ml. o f  p r e c i p i t a t i n g  
s o l u t i o n  i s  c o n s i d e r e d  an e x c e s s .  The s i d e s  o f  t h e  tu b e  and t h e  p r e c i p i ­
t a t e  a r e  w ashed  w i t h  two m l. o f  w a t e r ,  and  c e n t r i f u g e d  a t  568 R. C. F . 
f o r  f i f t e e n  m in u te s .  The w a t e r  i s  p o u re d  o f f ,  and t h e  p r e c i p i t a t e  i s  
w ashed  s u c c e s s i v e l y  w i t h  two m l. p o r t i o n s  o f  50 p e r  c e n t  e t h a n o l  and 90 
p e r  c e n t  e th a n o l  a t  tw e n ty  d e g r e e s  c e n t i g r a d e ,  and c e n t r i f u g e d  each  t im e  
a t  568 R. C. F .  f o r  f i f t e e n  m in u te s .  The sa m p le  i s  t h e n  d r i e d  i n  t h e  
c e n t r i f u g e  tu b e  i n  an  oven  a t  1 0 0  d e g r e e s  c e n t i g r a d e .
T w o - te n th s  m l. o f  g l a c i a l  a c e t i c  a c i d ,  and one  t o  two d ro p s  o f  
b rom ine  ( from  a f i n e  p i p e t t e )  a r e  a d d ed . The m ix tu r e  i s  warmed i n  a w a te r
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b a t h  u n t i l  t h e  p r e c i p i t a t e  i s  i n  s o l u t i o n .  T h is  r e q u i r e s  a p p ro x im a te ly  
t e n  m in u te s .  The s o l u t i o n  i s  t r a n s f e r r e d  t o  a 25 ml. E r le n m e y e r  f l a s k  
w i t h  s e v e r a l  w a s h in g s  o f  d i s t i l l e d  w a t e r  t o t a l i n g  n o t  more t h a n  2 -3  m l . , 
and  warmed g e n t l y  t o  a l i g h t  y e l lo w  c o l o r  w h ich  i n d i c a t e s  t h a t  t h e  m ajo r 
p o r t i o n  o f  t h e  e x c e s s  b ro m in e  h a s  b e e n  e x p e l l e d .  The o x i d a t i o n  i s  r a p i d  
i n  t h e  p r e s e n c e  o f  b rom ine  i n  g l a c i a l  a c e t i c  a c i d .  The r e a c t i o n  (3 3 ,  8 2 ,  
84) i s ;
( T l D ^ . B i l ^  +  17 Br^ +  15 H^O --------
2 T l " ^  +  Bi+++ +  5 lOg +  30 H"** +  34 B r“ 
Sodium fo rm a te  (2M) i s  added  u n t i l  t h e  s o l u t i o n  i s  c o l o r l e s s ,  and  
0 .2  m l. i s  added  i n  e x c e s s .  The r e m a in in g  b rom ine  i s  rem oved by t h e  a d ­
d i t i o n  o f  t h e  sod ium  fo rm a te  w h ic h  form s an  a c e t i c  a c i d  -  f o r m a te  b u f f e r .  
The s o l u t i o n  i s  c a r e f u l l y  m ix e d ,  m aking c e r t a i n  t h a t  t h e  w a l l s  o f  th e  
f l a s k  a r e  m o is te n e d .  The s o l u t i o n  i s  a l lo w e d  t o  s e t  f o r  f i v e  m in u te s .
Two m l. o f  sodium  c h l o r i d e  (30 p e r  c e n t )  a r e  added  f o r  two r e a ­
s o n s :  (a )  t h e  more s t a b l e  T lC l^  i s  fo rm ed  ( 8 6 ) ,  and (b) t h e  c o l o r  ch an g e  
d u r in g  t h e  t i t r a t i o n  o f  l a r g e  am ounts o f  t h a l l i u m  i s  more d i s t i n c t  and 
a b r u p t .  Added s u c c e s s i v e l y  a r e :  one  d ro p  o f  a t e n  p e r  c e n t  p o ta s s iu m
i o d i d e  s o l u t i o n ,  0 .2  ml. 4N s u l p h u r i c  a c i d  and f i v e  d ro p s  o f  a  0 .2  p e r  
c e n t  s t a r c h  s o l u t i o n .  The i o d i n e  l i b e r a t e d  i n  t h e  r e a c t i o n  b e low  i s  t i ­
t r a t e d  w i t h  O.OlN sodium  t h i o s u l p h a t e  s o l u t i o n ,  one m l. o f  w h ic h  i s  e q u iv ­
a l e n t  t o  1 20 .2  meg. o f  Tl"*". The r e a c t i o n  i s :
2 T l * ^  +  5 10" +  29 l "  +  30
2 Tl*** +  17 +  15 H^O
T i t r a t i o n  o f  t h e  s a m p le s  w i t h  so d iu m  t h i o s u l p h a t e  was a c c o m p l ish e d
w i t h  an A loe  Model SB-1 S y r in g e  M ic r o b u r e t  f i t t e d  w i t h  a s y r i n g e  c a l i b r a t e d
,  '  :  -  - ' ' ' /  - 25 '
t o  d e l i v e r  one m l. p e r  in c h  o f  t r a v e l  o f  t h e  p lu n g e r .  I n  p l a c e  o f  t h e  
g l a s s  t i t r a t i n g  t i p ,  a  L uer-L ok  e x t e n s i o n  b e n t  to  a r i g h t  a n g le  was u se d  
a s  an a d a p t e r ,  and a 2 7 -g a u g e  n e e d l e  w i t h  t h e  n e e d le  t i p  f i n i s h e d  s q u a r e  
was u se d  a s  t h e  t i t r a t i n g  t i p .  One d ro p  had  a volum e o f  0 .0 0 7  m l. The 
t i p  can  be  p l a c e d  b e n e a th  t h e  s u r f a c e  o f  t h e  l i q u i d ,  and s m a l l e r  am ounts 
o f  s o l u t i o n  may b e  d e l i v e r e d  f o r  t i t r a t i o n  w i t h o u t  f e a r  o f  c o n ta m in a t io n  
o f  t h e  t i t r a t i n g  s o l u t i o n .
I n  t h e  p r e s e n c e  o f  more th a n  250 meg. o f  t h a l l i u m  p e r  two m l. o f  
s o l u t i o n ,  t h e  c o l o r  ch an g e  upon t i t r a t i o n  i s  from  b l u e  th ro u g h  g r e e n  t o  
l i g h t  y e l lo w .  T h is  t a k e s  p l a c e  s l o w l y ,  p r o b a b l y ,  b e c a u s e  t h e  p r e c i p i t a t e  
r e t a i n s  t r a c e s  o f  i o d i n e  by a d s o r p t i o n  (8 4 ) .
A s t a t e m e n t  was made abo ve  t h a t  t h e  r e a g e n t  u s e d  to  p r e c i p i t a t e  
t h e  t h a l l i u m  a s  a com plex  w i t h  b ism u th  i s  s p e c i f i c  f o r  t h a l l i u m .  As a 
t e s t  o f  t h e  s p e c i f i c i t y ,  s o l u t i o n s  o f  a n t im o n y ,  a r s e n i c ,  c o p p e r ,  i r o n ,  
l e a d ,  m e rc u ry ,  and t i n  w ere  made i n  a c o n c e n t r a t i o n  o f  one  m i l l i g r a m  p e r  
m i l l i l i t e r .  S u f f i c i e n t  s u l p h u r i c  a c i d  was added  to  p ro d u c e  an a c i d  c o n ­
c e n t r a t i o n  e q u i v a l e n t  to  t h e  d i g e s t i o n  m ix tu r e .  The l e a d  was p r e c i p i t a t e d  
a s  t h e  s u l p h a t e .  The f i l t r a t e  d i d  n o t  c o n t a i n  enough l e a d  to  i n t e r f e r e  
w i t h  t h e  t e s t .  Enough c o p p e r  was p r e s e n t  i n  t h e  t e s t  s o l u t i o n  to  t u r n  i t  
b l u e .  A w h i t e - g r a y  p r e c i p i t a t e  was form ed m o m e n ta r i ly ,  b u t  was d i s s o l v e d  
i n  t h e  e x c e s s  p o ta s s iu m  i o d i d e  i n  t h e  r e a g e n t .  M ercu ry  form ed a sa lm o n -  
p in k  p r e c i p i t a t e  w h ic h  d i s s o l v e d  i n  t h i r t y  t o  s i x t y  s e c o n d s .  A ntim ony, 
a r s e n i c ,  i r o n ,  and  t i n  d i d  n o t  fo rm  p r e c i p i t a t e s  o r  i n t e r f e r e  w i t h  t h e  
t e s t .
I f  c o n ta m in a t io n  by  l a r g e  am ounts o f  h eavy  m e ta l s  i s  known o r  
s u s p e c t e d ,  t h e  p r o c e d u r e  d e s c r i b e d  by R e i t h  and G e r r i t s m a  (84) f o r  t h e
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s e p a r a t i o n  o f .h e a v y  m e ta l s  from  t h a l l i u m  c a n  be  a p p l i e d ,  o r  s e p a r a t i o n  
by d l t h l z o n e  e x t r a c t i o n  (87) I s  p o s s i b l e . I
The v a l i d i t y  o f  t h e  m ethod o u t l i n e d  w i l l  be  s e e n  from  t h e  f o l lo w ­
in g  t e s t  a n a l y s e s .  Two s e r i e s  o f  sa m p le s  r a n g in g  from  10 t o  250 meg. o f  
t h a l l i u m  ( I )  w e re  a n a ly z e d  u s in g  d i r e c t  b ro m in e  o x i d a t i o n ,  and p r e c l p l t a -  
t lo n - b r o m ln e  o x i d a t i o n  a s  d e s c r i b e d .  The t h a l l i u m  c o n t e n t  o f  s i x  sa m p le s  
was d e te rm in e d  f o r  e a c h  o f  t h e  s e v e n  p o i n t s  by each  o f  t h e  two m e th o d s ,  
and t h e  means o f  e a c h  o f  th e  s e v e n  p o i n t s  by t h e  two m ethods a r e  r e c o r d e d  
I n  T a b le  3 . The means o f  t h e  r e s u l t s  o f  t h e  p r e c l p l t a t l o n - o x l d a t l o n  
m ethod d e s c r i b e d  h e r e i n  a r e  p l o t t e d  I n  F i g u r e  1.
An a d d i t i o n a l  t e s t  o f  t h i s  m ethod was made on  f i f t e e n - g r a m  sam p les  
o f  g ro u n d  b e e f  t o  w h ic h  known am ounts o f  t h a l l i u m  ( I )  h a d  been  a d d e d .  Du­
p l i c a t e  sa m p le s  w e re  ru n  a t  e a c h  p o i n t  s e l e c t e d  and t r i p l i c a t e  a n a l y s e s  
w e re  p e r fo rm e d  on e a c h  d u p l i c a t e  s a m p le ,  th u s  g i v in g  s i x  a n a ly s e s  p e r  
p o i n t .  The f i g u r e s  I n  T a b le  4  r e p r e s e n t  t h e  means o f  t h e s e  p o i n t s  and  
a r e  p l o t t e d  I n  F i g u r e  1 .
A s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  p r o c e d u r e  u s i n g  t h e  I n f o r m a t io n  
I n  T a b le  4  shows t h a t  t h e  v a r i a b l e s  X (T h a l l iu m )  and Y ( T h io s u lp h a te )  a r e  
l i n e a r l y  r e l a t e d  (S e e  F i g u r e  1 ,  w h e re  t h e  sym bol 0 r e p r e s e n t s  t h e  mean o f  
s i x  o b s e r v a t i o n s  a t  e a c h  g iv e n  v a l u e  o f  X ). T h is  was c o n f i rm e d  by  a n a l y ­
s i s  o f  t h e  sums o f  t h e  s q u a r e s  due  to  r e g r e s s i o n  ( I . e .  rem oved b y ) ,  and 
I t  was fo u nd  t h a t  99.79% w e re  du e  t o  l i n e a r  r e g r e s s i o n .  The c o e f f i c i e n t  
o f  c o r r e l a t i o n  ( r )  be tw een  X and  Y I s  0 .9 9 8 ,  I n d i c a t i n g  a h i g h l y  s i g n i f i ­
c a n t  p o s i t i v e  r e l a t i o n s h i p  ( a s s o c i a t i o n ) .
L in e a r  r e g r e s s i o n  b a se d  on t h e  model o f  Y = <X+ ygX +  C (87) 
y i e l d e d  a  = 0 .0 0 3 7 5 4  and b = .0 .0 0 8 5 6 1 4 , w h e re  a = t h e  u n b ia s e d  e s t i m a t e
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' • • . o f  OC and ,b  = t h e  .u n b ia se d  e s t i m a t e  o f  R .  F o r  c o m p le te n e s s ,  t h e  f o l ­
low ing  d a t a  a r e  I n c lu d e d :
2XY 7106 .42
4 6 8 0 .0 0
4 0 .2 2 5
8 2 8 ,0 0 0 .0 0
Z  xy
~ T J ~
t  xy  = 
-
Z  y^ =
6 1 .0 4
2624 .205715
3 0 6 ,5 1 4 .2 8 5 8
22 .5 1 4 8 0 5
a = Y -  /9X
From t h i s ,  g iv e n  an  X v a l u e ,  a v a l u e  Y (Y) may be  p r e d i c t e d  from  t h e  
r e g r e s s i o n  e q u a t io n  Y = a +  bX. T h is  h a s  a v a r i a n c e  o f :
y . x
w h e re  s
2 d
y . x n -  2
X and 2 d = y^
—  y . x
( 2  x y )  
2 x 2
C o n f id e n c e  i n t e r v a l s  w e re  s e t  on Y f o r  v a r i o u s  v a l u e s  o f  X 
w i t h i n  t h e  r a n g e  o f  t h i s  e x p e r im e n t  u s i n g  t h e  f o l lo w in g :
■ \ 0 5  =Y -  r  -  +  ‘ .0 5  '  Y
The c o n f i d e n c e  b e l t s  a r r i v e d  a t  from  t h e  ab o v e  a r e  draw n a b o u t  t h e  r e ­
g r e s s i o n  l i n e  a s  i n t e r r u p t e d  l i n e s  i n  F i g u r e  1. In  g e n e r a l ,  t h e  p r e ­
d i c t e d  v a l u e  o f  Y (Y) from  a g iv e n  X v a l u e  h as  a r e m a rk a b ly  s m a l l
r a n g e  o f  e r r o r  and  t h i s  m ethod i s  th o u g h t  t o  be  q u i t e  s a t i s f a c t o r y  f o r
p r e d i c t i v e  p u r p o s e s .  Exam ples o f  t h i s  f o r  v a r i o u s  r a n g e s  o f  X a r e  a s
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f o l lo w s :
when X (T l  i n  m eg.) 





Y (m l. o f  O.OlN t h i o s u l p h a t e )  
e q u a l s
0 .0 8 9  ±  0 .0 1 6
0 .4 3 2  t  0 .0 1 3
1 .2 8 8  Î  0 . 0 1 1




P r e c i p i t a t i o n  a s  
T i l  and  O x id iz e d  w i th  
Brom ine
P r e c i p i t a t i o n  a s  
Complex an d  O x id iz e d  
w i t h  Bromine
T l  Added 
(m eg.)
T l  R e c o v e re d  
(m eg.)
P e r  C en t 
R e co v e ry
T l R e c o v e re d  
(meg. )
P e r  Cent 
R eco v e ry
1 0 . 0 1 0 . 2 1 0 2 . 0 9 .9 9 9 .0
2 0 . 0 2 0 . 2 1 0 1 . 0 1 9 .9 9 9 .5
5 0 .0 4 8 .8 9 7 .6 4 9 .3 9 8 .6
1 0 0 . 0 9 8 .9 9 8 .9 9 9 .0 9 9 .0
1 5 0 .0 1 5 2 .0 1 0 1 . 0 1 5 0 .1 1 0 0 . 1
2 0 0 . 0 1 9 9 .8 9 9 .9 1 9 8 .6 9 9 .3
2 5 0 .0 2 4 7 .3 9 8 .9 2 4 8 .1 9 9 .2
TABLE 4
RECOVERY OF THALLIÜM(I) ADDED TO GROUND BEEF AND 
DETERMINED BY PRECIPITATION AS ( T i l ) 2 . 8 1 1 3
T l  Added 
(m eg.) 
(X)
T l  R e c o v e re d  
(m eg .)
P e r  C ent 
R eco v e ry
Na T h io s u lp h a t e  
(m l.  O.OlN) 
(Y)
1 0 . 0 1 0 .3 1 0 3 .0 0 .0 9 4
2 0 . 0 2 0 . 1 1 0 0 .5 0 .1 9 4
5 0 .0 5 1 .8 1 0 3 .6 0 .4 5 4
1 0 0 . 0 9 6 .0 9 6 .0 0 .8 2 3
1 5 0 .0 1 4 3 .8 9 6 .0 1 .2 4 6
2 0 0 . 0 1 9 6 .3 9 8 .2 1 .7 01




THALLIUM PRECIPITATED AS (T U ) ,  B it, (A)
THALLIUM RECOVERED FROM GROUND BEEF 
AND PRECIPITATED AS ( T I I ) ,  Bl I ,  (B)-1.60
- L 4 0
REGRESSION. Y -a  + bX1.20




r ■ + 0 .9 9 8  
a • Y - p %
0 • MEAN OF SIX OBSERVATIONS OF (B) 
X * MEAN OF SIX OBSERVATIONS OF (A)
-0 .4 0
0.20






F o u r  fe m a le  m o n g re l  dogs w ere  u s e d  f o r  d e te r m in in g  t h e  d i s t r i b u ­
t i o n  o f  t h a l l i u m  i n  t i s s u e s ,  body f l u i d s  and  f e c e s  i n  a c u t e l y  and c h ro n ­
i c a l l y  i n t o x i c a t e d  a n im a l s .  Two a n im a ls  w e re  u sed  f o r  t h e  a c u t e  s tu d y  
and two w e re  u se d  f o r  t h e  c h r o n i c  s tu d y .
A c u te  T o x i c i t y
The two dogs w e re  a n e s t h e t i z e d  w i t h  p e n t o b a r b i t a l  sod ium  (30 iqg. 
p e r  k g . -  I . V . ) .  The r i g h t  c a r o t i d  a r t e r y  was c a n n u l a t e d  and t h e  b lo o d  
p r e s s u r e  r e c o r d e d  u s i n g  a m e rc u ry  m anom eter c o n n e c te d  t o  a c a n n u la  by 
means o f  a h eav y  w a l l  t u b in g .  The s y s te m  was f i l l e d  w i t h  f i v e  p e r  c e n t  
sodium  c i t r a t e  t o  i n h i b i t  c l o t t i n g .  The t r a c h e a  was c a n n u l a t e d  t o  m ain ­
t a i n  an open  a i rw a y .  The f e m o ra l  v e i n  was c a n n u l a t e d  w i t h  p o l y e t h y l e n e  
tu b in g  w h ic h  was a t t a c h e d  to  a  L u e r -L o k -C o u p le r  w h ich  a d ap s  t o  any  s y r ­
in g e .  C o n s t a n t  i n f u s i o n  o f  t h e  t h a l l i u m  s u l p h a t e  s o l u t i o n  was made 
th ro u g h  t h i s  t u b in g  by t h e  u s e  o f  a  c o n s t a n t  r a t e  i n j e c t i n g  m ach ine  s e t  
to  d e l i v e r  t h e  p r o p e r  amount o f  t h a l l i u m  a t  a p r e d e te r m in e d  r a t e .
A nim al number o n e  w e ig h in g  6 .8 1  k g .  was i n f u s e d  a t  t h e  r a t e  o f  
1 .7 5  iqg. T l^ / k g .  /m in .  (1 1 .9 2  n g . T l ^ / m i n . ) u n t i l  t h e  a n im a l  d i e d .  T h is  
a n im a l  l i v e d  two h o u r s  and  tw e n ty  m in u te s .  The t o t a l  amount o f  t h a l l i u m  
( I )  a d m i n i s t e r e d  to  t h i s  a n im a l  was 1 .6 6 8  g ra m s ,  o r  245 m g ./k g .  U r in e
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sam p les  w ere  c o l l e c t e d . d i r e c t l y  .from  th e  b l a d d e r  by q u a n t i t a t i v e  w ash in g  
a t  t h i r t y  m in u te  i n t e r v a l s ,  and  a n a ly z e d  f o r  t h a l l i u m .  T hese  r e s u l t s  a r e  
shown i n  T a b le  5 .
G e n e ra l  f i n d i n g s  a t  a u to p s y  showed edema and a c u t e  p a s s i v e  c o n ­
g e s t i o n  o f  t h e  lu n g s .  None o f  t h e  o t h e r  o rg a n s  a p p e a re d  to  be  ab n o rm a l.  
T i s s u e s  w ere  c o l l e c t e d  a f t e r  a u to p s y  and a n a ly z e d  f o r  t h a l l i u m .  The • 
amount o f  t h a l l i u m  found  i n  t h e  t i s s u e s  and  e x p re s s e d  a s  iqg. Tl***/100 gm. 
o f  t i s s u e  i s  shown i n  T a b le  9 and  F i g u r e  2 .
Animal number f o u r  w e ig h in g  7 .7 3  k g .  was i n f u s e d  a t  t h e  r a t e  o f
1 .0  mg. T l ^ / k g . / m i n .  (7 .7 3  mg. Tl"^ m in . )  u n t i l  th e  a n im a l  d i e d .  T h is  
a n im a l  l i v e d  f o u r  h o u r s  and t h i r t e e n  m in u te s .  The t o t a l  amount o f  t h a l ­
l iu m  ( I )  a d m i n i s t e r e d  to  t h i s  a n im a l  was 1 .9 5 6  grams o r  c a l c u l a t e d  on a 
w e ig h t  b a s i s ,  253 m g . /k g .  U r in e  sam p le s  w e re  c o l l e c t e d  d i r e c t l y  f rom  th e  
b l a d d e r  a t  t h i r t y  m in u te  i n t e r v a l s  and a n a ly z e d  f o r  t h a l l i u m .  T h e se  r e ­
s u l t s  a r e  shown i n  T a b le  6 .
G e n e ra l  f i n d i n g s  a t  a u to p s y  a g a in  showed edema and a c u t e  p a s s i v e  
c o n g e s t i o n  o f  t h e  l u n g s .  No o t h e r  c h a n g e s  w e re  a p p a r e n t  upon g r o s s  e x ­
a m in a t io n .  T i s s u e  sam p le s  w e re  c o l l e c t e d  a t  a u to p s y  and a n a ly z e d  f o r  
t h a l l i u m .  The amount o f  t h a l l i u m  found  i n  t h e  t i s s u e s  and e x p r e s s e d  as  
mg. T l^ /1 0 0  gm. o f  t i s s u e  i s  shown i n  T a b l e  9 and F i g u r e  2 .
T h re e  s i g n i f i c a n t  f a c t s  a r e  o b s e r v e d .  U r in a r y  e x c r e t i o n  o f  t h a l ­
l iu m  b e g in s  w i t h i n  t h i r t y  m in u t e s ,  and i n  a n im a l  number one  t h a l l i u m  i s  
p r e s e n t  i n  t h e  u r i n e  i n  tw e n ty  m in u te s .  R e n a l  shutdow n o c c u r s  a f t e r  th e
I  i
f i r s t  h o u r  i n  a n im a l  number o n e ,  and a f t e r  t h e  t h i r d  h o u r  i n  a n im a l  num­
b e r  f o u r .  I t  h a s  been  w e l l  e s t a b l i s h e d  t h a t  t h e  p r im a ry  r o u t e  o f  e l i m i ­
n a t i o n  o f  t h a l l i u m  i s  v i a  t h e  k i d n e y s ,  b u t  su c h  a r a p i d  a p p e a ra n c e  i n  th e
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T h a l l iu m  
m g . / 1 0 0 m l.
1 1 1 :30  am 80 m l. 0 . 0 0
2 1 2 : 0 0  pm 65 m l. 0 . 0 0
3 12 :3 0  pm 50 m l. 0 . 0 0
T h a l l iu m  S u l p h a te  S t a r t e d  a t  1 2 :4 0  pm 
(1 .7 5  mg. T l  /K g . / m i n . )
4 1 : 0 0  pm 50 m l. 2 5 .4
5 1 :3 0  pm 1 0  m l. 1 1 .3
6 2 : 0 0  pm 0  m l. 0 . 0 Ü
7 2 :3 0  pm 0  m l . 0 . 0 0







U r in e
Volume
T h a l l iu m  
m g . / 1 0 0 m l.
1 1 1 :15  am 75 m l. 0 . 0 0
T h a l l iu m  S u l p h a te  S t a r t e d  a t  1 1 :30  am 
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1 0
1 2 : 0 0  pm 
1 2 :3 0  pm 
1 : 0 0  pm 
1 :3 0  pm 
2 : 0 0  pm 
2 :3 0  pm 
3 :0 0  pra 
3 :3 0  pm 
3 :3 0  pm
29 m l.  
16 m l.  
18 m l.  
23 m l.  
34 m l.  
48 m l.  
14 m l.  
0  m l .  
D ea th
1 .1 8
3 7 .4  
5 8 .8
3 9 .5  
1 9 .1  
1 0 .4
9 .5
0 . 0 0
D e a th
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u r i n e  i s  n o t  r e c o r d e d .  However, when a c u t e  t o x i c i t y  i s  p ro d u ced  by  c o n ­
t i n u o u s  i n t r a v e n o u s  i n f u s i o n ,  i t  c an  be  e x p e c te d  to  d i f f e r  from  o r a l  i n ­
g e s t i o n  o f  l a r g e  q u a n t i t i e s  o f  t h a l l i u m  s a l t s .  A n o th e r  s t r i k i n g  f r i t  i s
• Î
t h e  s i m i l a r i t y  i n  t h e  amount o f  t h a l l i u m  t h a t  p ro d u c e d  d e a th  i n  t h e s e  
a n im a l s .  Animal number one  d i e d  a f t e r  r e c e i v i n g  245 m g ./k g .  o f  t h a l l i u m .  
A nim al number f o u r  d i e d  a f t e r  r e c e i v i n g  253 m g ./k g .  o f  t h a l l i u m .  T hese  
a r e  o f  even  g r e a t e r  i n t e r e s t  when one  c o n s i d e r s  t h e  f a c t  t h a t  t h e  c o n ­
c e n t r a t i o n  o f  t h e  t h a l l i u m  s o l u t i o n s  was d i f f e r e n t  and  t h e  a n im a ls  w e re  
o f  d i f f e r e n t  w e i g h t s .
C h ro n ic  T o x i c i t y  
A nim als number two and t h r e e  w e re  p la c e d  i n  m e ta b o l ism  c a g e s  so  
t h a t  t h e  u r i n e  and  f e c e s  c o u ld  b e  c o l l e c t e d  d a i l y  and  a n a ly z e d  f o r  t h a l ­
l iu m . At t h e  b e g in n in g  o f  t h e  e x p e r im e n t  a n im a l  number two w e ig h ed  8 .6 4  
k g . ,  and a n im a l  number t h r e e  w e ig h ed  6 .1 4  k g .  T h a l l iu m  s u l p h a t e  was t r i ­
t u r a t e d  w i t h  l a c t o s e ,  and  t h i s  m ix tu r e  was p l a c e d  i n  g e l a t i n  c a p s u l e s  
The t h a l l i u m  c o n t a i n e d  i n  e a c h  c a p s u l e  was b a s e d  on a d o sa g e  o f  5 m g . / k g . /  
day  o f  t h a l l i u m  ( I ) .  Animal number two r e c e i v e d  4 3 .2  mg. t h a l l i u m  ( I )  
p e r  day  o r a l l y  and  a n im a l  number t h r e e  r e c e i v e d  3 0 .7  mg. t h a l l i u m  ( I )  p e r  
day  o r a l l y  u n t i l  d e a t h  o c c u r r e d .
Animal number two was a c t i v e ,  a l e r t ,  f r i e n d l y  and  c o o p e r a t i v e  a t  
t h e  b e g in n in g  o f  t h e  e x p e r im e n t .  The a n im a l  a t e  h e a r t i l y .  On t h e  seco n d  
day  t h e r e  was e v id e n c e  o f  d i a r r h e a .  A c t i v i t y  and i n t e l l i g e n c e  a p p e a re d
n o rm a l .  On t h e  t h i r d . d a y , t h e  a n im a l  was d e f i n i t e l y  i l l ,  and  c o n s t i p a t e d .
. .  .. . /
I t  was r e l u c t a n t  t o  w a lk  o r  s t a n d ,  b u t  w ould  move when i t  was n e c e s s a r y  •
•  .
by u s i n g  t h e  f r o n t  l e g s .  The r e a r  l e g s  w e re  n o t  u se d  u n l e s s  i t  was
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O
• o " a b s o l u t e ly  n e c e s s a r y .  The e y e s  w ere  d u l l .  A s m a l l  q u a n t i t y  o f  fo o d  was
* «  . o  &
* .  o *
. e a t e n . '  Oh t h e  f o u r t h  and f i f t h  d a y s . . t h e r e  w a s 'n b  p e r c e p t i b l e ,  c h an g e .
■ On t h e  s i x t h  d a y ,  t h e  d o g . p r e f e r r e d  to  l i e  down a t  a l l  t im e s  and  w ould  
n o t  s t a n d  o r  r e s p o n d  to  p e t t i n g  as  u s u a l .  A d i e t  o f  100 p e r  c e n t  meat 
was s u b s t i t u t e d  f o r  t h e  m eat and m eal m ix tu r e  w h ich  h a d  b e en  t h e  s t a n d a r d  
d i e t .  The s e v e n th  day  d id  n o t  r e v e a l  any  m ajo r  c h a n g e s  n o r  any  i n t e r e s t  
i n  t h e  more p l e a s i n g  d i e t .  On t h e  m orn in g  o f  t h e  e i g h t h  d a y ,  t h e  a n im a l  
d i e d .
At d e a t h  t h e  a n im a l  had  r e c e i v e d  a t o t a l  o f  0 .3 4 6  gram s (40 iqg. /  
k g . )  o f  t h a l l i u m  ( I ) .  The a n im a l  w e ig h ed  6 .8 2  k g .  -  a l o s s  o f  1 .8 2  kg . 
G ro ss  e x a m in a t io n  a t  a u to p s y  d i s c l o s e d  f o c a l  h em o rrh ag es  i n  t h e  lu n g s ,  
engorgem en t o f  t h e  c e r e b r a l  b lo o d  v e s s e l s ,  and showed t h e  g e n e r a l i z e d  
e f f e c t s  o f  m a l n u t r i t i o n  c a u s e d  by a n o r e x i a ,  and d e h y d r a t io n .  T a b le  7 
shows che a n a l y s i s  o f  u r i n e  and  f e c e s  f o r  t h a l l i u m ;  T a b le  9 and  F i g u r e  2 
show t h e  d i s t r i b u t i o n  o f  t h a l l i u m  i n  t h e  t i s s u e s .
Animal number t h r e e  was a l s o  an  a c t i v e ,  f r i e n d l y  and c o o p e r a t i v e  
dog . On t h e  f i r s t  and  se c o n d  d a y s ,  t h i s  a n im a l  r e t a i n e d  i t s  n o rm a l c h a r ­
a c t e r ,  a c t i v i t y  and  a p p e t i t e .  On t h e  t h i r d  d a y ,  t h e  a n im a l  seem ed to  h av e  
l o s t  w e i g h t ,  and  was i l l .  I t  d e f i n i t e l y  p r e f e r r e d  t o  re m a in  i n  a p ro n e  
p o s i t i o n .  On t h e  f o u r t h  d a y ,  t h e  a n im a l  was e x t r e m e ly  i l l ,  c o n s t i p a t e d ,  
a n o r e x i c  and  a t a x i c .  I t s  r i b s  w e re  e a s i l y  s e e n  and f e l t ,  and t h e  l e g s  
w e re  a l s o  t h i n .  On t h e  f i f t h  and s i x t h  d a y s  i n c r e a s i n g  s e v e r i t y  o f  symp- 
toms was n o t e d .  On t h e  s e v e n t h  d a y ,  t h e  a n im a l  was u n a b le  to  c o o r d i n a t e  
V : . . i t s  movements t o  w a lk .  B e fo re  th e  l a s t  c a p s u l e  c o u ld  b e  g i v e n ,  t h e  a n i -  
m al g a s p e d  and s t i f f e n e d , . and  th e n  g a s p e d  a  few more t im e s  and d i e d .
i* . . • • • ■ ■
T h is  a n im a l  was c o l d  t o  t h e  to u c h  t e n  m inutes-’ p r i o r  ' t o  d e a th .
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At d e a t h ,  t h i s  a n im a l  had  rec e iv e x i  a t o t a l  o f  0.'215 gram s (35 mg. /
. * k g . ) o f  t h a l l i u m  ( I ) ,  . I t  w e ig h ed  4 .5 5  k g .  -  a l o s s  o f  1 .5 9  k g . G ross
‘ \ . * *
e x a m in a t io n  a t  a u to p s y  r e v e a l e d  a p p r o x im a te ly  t h e  sam e=f i n d i n g s  a s  se e n  
i n  a n im a l  number two -  f o c a l  h em orrhag es  i n  t h e  l u n g s ,  engorgem en t o f  t h e  
c e r e b r a l  b lo o d  v e s s e l s  and t h e  e f f e c t s  o f  s t a r v a t i o n  due  to  a n o r e x i a ,  and 
d e h y d r a t io n .  The a n a l y s i s  o f  u r i n e  and f e c e s  i s  shown i n  T a b le  8 , and th e  
d i s t r i b u t i o n  o f  t h a l l i u m  i n  t h e  t i s s u e s  i s  shown i n  T a b le  9 and  F i g u r e  2 .
A g a in ,  i t  i s  o f  i n t e r e s t  to  n o t e  t h a t  t h e  r e s u l t s  o f  u r i n a r y  and 
f e c a l  a n a l y s i s  a r e  s i m i l a r  i n  t h e  two a n im a l s .  G ly c o s u r i a  i n  b o th  a n im a ls  
s t a r t e d  on t h e  t h i r d  d a y ,  a lb u m in u r i a  o c c u r r e d  on t h e  f o u r t h  and  t h i r d  
d a y s ,  r e s p e c t i v e l y .  E x ce p t  f o r  t h e  i n i t i a l  e p is o d e  o f  t h i n ,  w a t e r y  d i a r ­
r h e a  on t h e  f i r s t  day  i n  a n im a l  number tw o , b o th  a n im a ls  became c o n s t i ­
p a t e d .  I n  b o th  a n im a ls  u r i n a r y  e x c r e t i o n  I n c r e a s e d  and th e n  d im in is h e d  
to  a s t a t e  o f  a n u r i a .  T h a l l iu m  e x c r e t i o n  d i d  n o t  p a r a l l e l  u r i n e  vo lum e.
As i n  t h e  a c u t e  s t u d y  w h e re  t h e  l e t h a l  d o se  o f  t h a l l i u m  p e r  k i l o ­
gram  was s u r p r i s i n g l y  c l o s e ,  t h e  same s i t u a t i o n  i s  o b s e rv e d  i n  t h e  a n im a ls  
i n  t h e  c h r o n ic  s t u d y .  A nim al number two d i e d  from  a t o t a l  o f  40  iqg. o f  
t h a l l i u m  ( I )  p e r  k i lo g r a m ,  and  a n im a l  number t h r e e  d i e d  from  a t o t a l  o f  
35 mg. o f  t h a l l i u m  ( I )  p a r  k i lo g r a m .
As i n d i c a t e d  by t h e  d a t a  r e c o r d e d  i n  T a b le  9 ,  t h a l l i u m  was found  
to  b e  d i s t r i b u t e d  i n  n e a r l y  a l l  o f  t h e  o r g a n s  and  t i s s u e s  c o n t r a r y  to  t h e  
r e p o r t s  o f  many o f  t h e  e a r l y  w o rk e rs  su c h  a s  Buschke. The p a t t e r n  o f  
d i s t r i b u t i o n  o f  t h a l l i u m  o b s e r v e d  h e r e  a g r e e s  c l o s e l y  w i t h  t h a t  foun d  by 
G e t t l e r  and W eiss  ( 8 8 ) ,  F r i d l i  (89) and T h y re s s o n  ( 4 4 ) .  More r e c e n t  work 
by D u rb in  e t  a l . . . (90).-arid H e y n d r ic k x  (91) who u se d  r a d i o  a c t i v e  , t h a l l i u m-----------------  , y , \ - . . . . . . . . . . . .
f u r t h e r  s u p p o r t s  t h e  work p r e s e n t e d  h e r e .
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URINARY AND FECAL EXCRETION OF THALLIUM 
 ̂ IN CHRONIC TOXICITY
T ^ L E ,7
■ . ; ANIMAL NO.
' ' ' '
2
•
U r in e F e c e s
Volume T h a l l iu m W eight T h a l l iu m
Day m l. m g . / 1 0 0 m l. Gm. m g . / 1 0 0 m l. G lu c o s u r i a A lb u m in u r ia
1 40 0 . 0 0 0 * 0 . 0 0 N e g a t iv e
i 1
N e g a t iv e
2 60 0 . 0 0 0 0 . 0 0 N e g a t iv e N e g a t iv e
3 115 0 .5 3 16 .7 0 . 0 0 1 N e g a t iv e
4 260 0 .8 7 2 5 .1 0 . 0 0 N e g a t iv e N e g a t iv e
3 73 5 .4 0 0 0 . 0 0 2 P o s i t i v e
6 87 8 .6 0 0 0 . 0 0 2 P o s i t i v e
7 0 0 . 0 0 0 0 . 0 0
8 0 0 . 0 0 0 0 . 0 0




I r i n e F e c e s
G lu c o s u r i a A lb u m in u r ia
Volume
m l.
T h a l l iu m  
m g . / 1 0 0 m l.
W eigh t
,Gm.
T h a l l iu m  
m g . / 1 0 0 m l.
1 1 0 0 0 . 0 0  * 47 0 . 0 0 N e g a t iv e N e g a t iv e
2 173 0 . 0 0 6 8 0 . 0 0 N e g a t iv e N e g a t iv e
I:. 3 238 1 .3 5 55 0 . 0 0 2 N e g a t iv e
4 80 7 .7 3 0 0 . 0 0 1 P o s i t i v e
4T 5 105 5 .0 8 0 0 . 0 0 2 P o s i t i v e
i::- ■ 6 75 6 .6 9 0 0 . 0 0 N e g a t iv e P o s i t i v e
7
r  ' ■ .









r ' THALLIUM CONTENT OF TISSUES IN FATAL POISONING 
(MG. OF T l  IN 100 GM. OF TISSUE)
Organ
o r
T i s s u e









B i l e .............................. 1 5 .5 2 .9 4 1 . 1 0 T ra c e
B lo o d  ........................... 1 8 .5 3 4 .7 1 .0 7 0 .5 8
B o n e .............................. 0 . 0 0 . 0 1 .7 5 2 .7 1
B r a in  ........................... 8 .8 4 1 .6 1
C erebrum  .................... 7 .2 8 1 .0 9
C e r e b e l l u m ............... 3 1 .5 1 .0 5
A d re n a l  ...................... 1 7 .3 1 4 .4 T ra c e 0 .5 6
G a l l  B la d d e r  .......... 3 5 .7 2 9 .5 Neg. T ra c e
Stom ach ...................... 4 7 .0 2 2 . 6 1 .4 9 0 .1 5
Stom ach C o n te n t s  . 1 0 .4 4 .6 7 0 .8 2 T ra c e
O v a r ie s  ...................... 9 2 .4 C a s t r a t e d Neg. 3 .3 1
U r in a r y  B la d d e r  . . 7 0 .1 1 .0 4 0 .5 6
L i v e r  ........................... 4 4 .7 1 4 .4 8 .3 7 2 .4 4
K idney  ......................... 6 6 . 6 1 8 .4 8 .9 5 1 .0 5
S p le e n  ......................... 1 5 4 .0 3 9 .6 1 0 . 2 1 .6 0
H e a r t  ........................... 6 1 .3 3 8 .4 1 0 .7 4 .3 0
L u n g .............................. 1 0 2 . 0 6 7 .2 7 .0 1 3 .2 0
P a n c r e a s  .................... 1 1 5 .0 8 3 .9 9 .2 8 3 .4 0
U te ru s  ......................... 2T :5 C a s t r a t e d 8 .3 3 1 .0 4
Duodenum an d
C o n te n ts  ............. 6 .8 5 6 .3 6 4 .5 4
C olon  an d
C o n te n ts  ............. 1 .3 3 2 .7 4 5 .0 7
S k e l e t a l  M u sc le  . . 3 3 .1 5 8 .0 8 .5 0 1 .3 5
S k i n .............................. 0 .5 7 0 .4 5 0 .5 0 1 .8 0
H a i r  .............................. 0 . 0 0 . 0 0 . 0 0 . 0
T o t a l  d o se  o f  T l
e x p r e s s e d  I n  Gm.
g iv e n  t o  eac h  dog 1 . 6 6 8 1 .9 5 6 .346 .215
L e t h a l  d o se  o f  T l
(m g ./K g .) 245 253 40 35
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FIGURE 2 ( CONTINUED )
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T h y re sso n  s t a t e s  t h a t  I n  a c u t e  and c h r o n ic  p o i s o n in g  h ig h  o r  low 
c o n c e n t r a t i o n s  o f  t h a l l i u m  may b e  found  I n  a l l  o r g a n s ,  and t h a t  t h a l l i u m  
I s  e x c r e t e d  s lo w ly  a f t e r  a c u t e  p o i s o n in g  and  a c c u m u la te s  I n  c h r o n i c  p o i ­
s o n in g .  T h is  s t a t e m e n t  I s  s u b s t a n t i a t e d  by  t h e  work» shown h e r e .  The
h ig h  c o n c e n t r a t i o n  o f  t h a l l i u m  found  I n  som e*organs I n  a n im a ls  number one
•  "  ' ;* ft • » r.  ̂ 1 :. '
. . and cfour ( a c u t e ^ p o i s o n i n g ) ^ c a n  be e x p la in e d  by t h e  c o n t i n u a l  I n f u s i o n  o f  
t h a l l i u m , '  and t h e  d i f f e r e n c e  be tw een  a n im a ls  I s  e x p la in e d  by t h e  c o n c e n ­
t r a t i o n  o f  t h e  t h a l l i u m  s o l u t i o n s  u se d  f o r  I n f u s i n g  e a c h  a n im a l .  O th e r  
f a c t o r s  n o t  r e a d i l y  a p p a r e n t ,  su c h  a s  t h e  c o n d i t i o n  o f  t h e  o r g a n ,  m ight 
be  a d e te r m in in g  f a c t o r  I n  t h e  d i s t r i b u t i o n  o f  t h e  t h a l l i u m .  The o rg a n s  
I n  t h e s e  two a n im a ls  w h ich  showed an  I n c r e a s e d  u p ta k e  o f  t h a l l i u m  a r e ,  
f o r  t h e  m ost p a r t ,  h i g h l y  v a s c u l a r .  T h e re  was a more ev en  d i s t r i b u t i o n  
o f  t h a l l i u m  I n  t h e  c h r o n i c a l l y  p o is o n e d  a n im a l s .  T h is  I s  t r u e .  I n  a l l  
p r o b a b i l i t y ,  s i n c e  t h e r e  was m ore t im e  f o r  t h a l l i u m  t o  a t t a i n  an  e q u i l i ­
b r iu m .
The w i d e - s p r e a d  d i s t r i b u t i o n  o f  t h a l l i u m  I n  b o th  t h e  a c u t e  and
c h r o n i c  s t u d i e s  t e n d  to  c o r r o b o r a t e  L u n d 's  b e l i e f  (55) t h a t  t h a l l i u m  I s
s i m i l a r  t o  p o t a s s iu m  I n  I t s  d i s t r i b u t i o n  I n  t h e  body. From t h e  amount
o f  t h a l l i u m  t h a t  k i l l e d  t h e  a n im a ls  I n  t h i s  e x p e r im e n t .  I t  I s  s e e n  t h a t
t h a l l i u m  m ust b e  p r e s e n t  I n  a  h i g h  c o n c e n t r a t i o n  I n  o r d e r  t o  p e n e t r a t e
. t h e  c e l l s  r a p i d l y  a n d .  c a u s e  d e a t h  f i n  a c u t e  p o i s o n in g .  . An amount e q u a l
to  o n e - s i x t h  t h e  a c u t e l y  l e t h a l  d o se  c a u s e d  d e a t h  I n  c h ro n ic ,  p o i s o n i n g ,
"
and t h e  o n s e t  o f  symptoms was s lo w e r .  T h is  seem s to  I n d i c a t e  t h a t  t h a l ­
l iu m  I s  a c u m u la t iv e  p o i s o n ,  and  low c o n c e n t r a t i o n s  w i l l  p e n e t r a t e  t h e  
c e l l  and  c a u s e  d e a t h ,  o r  a t  l e a s t  p ro d u c e  an  a l t e r a t i o n  o f  c e l l  f u n c t i o n
I»
I f  s u f f i c i e n t  t im e  I s  a l lo w e d .  T h a l l iu m  I s  c o n c e n t r a t e d  to  a c o n s i d e r a b l e
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e x t e n t  by t h e  k id n e y s ,  b u t  t h e  t o t a l  e x c r e t i o n  o f  a s i n g l e  d o se  o f  t h a l ­
l iu m  i n  t h e  u r i n e  i s  a  s lo w  p r o c e s s  w h ic h  may l a s t  f o r  s e v e r a l  w eek s .
The e l i m i n a t i o n  c u rv e s  (55 )  h av e  t h e  e x p o n e n t i a l  sh a p e  c h a r a c t e r i s t i c  o f  
s u b s t a n c e s  e l i m i n a t e d  i n  u n i t  t im e  a s  a  f r a c t i o n  o f  t h e  t o t a l  amount o f
^ s u b s ta n c e  « p r é s e n ta n t  any  g iv e n  t im e .  P r i c k  e t  a l .  (29) h a v e  . fo u n d  t h a l -
#  *  =  . ‘  - •  _ :  •  •  -  •
l iu m  i n  th e  u r i n e  s i x t y  day s  a f t e r  t h e  l a s t  d o se .  T h a l l iu m  i s  e l i m i n a t e d  
i n  t h e  f e c e s  a s  w e l l  a s  i n  sw ea t  and  m i lk .  The a p p e a ra n c e  o f  t h a l l i u m  i n  
t h e  f e c e s  i n  t h e  l a t e r  s t a g e s  o f  t h a l l o t o x i c o s i s  a r i s e s  from  t h e  e x c r e t i o n  
o f  t h a l l i u m  i n  t h e  b i l e ,  c o n ta m in a t io n  o f  p a n c r e a t i c  s e c r e t i o n s ,  and  from 
e x c r e t i o n  d i r e c t l y  i n t o  t h e  c o lo n .  F e c a l  e l i m i n a t i o n  i s  r e p o r t e d  t o  be  
t h e  p r i n c i p a l  r o u t e  i n  some a n im a l s ,  b u t  t h i s  d o e s  n o t  seem  t o  b e  t r u e  f o r  
man. T h is  d i f f e r e n c e  a p p e a r s  to  b e  a g e n u in e  s p e c i e s  v a r i a t i o n .
T h a t  t h a l l i u m  i s  r a p i d l y  a b s o rb e d  th r o u g h  t h e  s k i n  i s  i n d i c a t e d  
by  t h e  o c c u r r e n c e  o f  s y s te m ic  p o i s o n in g  a f t e r  t h e  a p p l i c a t i o n  o f  d e p i l a ­
t o r y  cream s w h ic h  c o n t a i n  i t .
T h a l l iu m  a c c u m u la te s  t o  a s l i g h t  d e g re e  i n  t h e  s k i n  and  h a i r .
The a l o p e c i a  i n  t h a l l o t o x i c o s i s  i s  c a u s e d  by t h e  k e r a t i n i z i n g  e f f e c t  o f  
t h a l l i u m  upon t h e  r o o t s  o f  t h e  h a i r  f o l l i c l e s  (5 1 ,  5 2 ,  5 4 ) .  T h i s  e f f e c t
d o e s  n o t  r e q u i r e  l a r g e  am ounts o f  t h a l l i u m .  '
I n  v ie w  o f  t h e  h i s t o l o g i c a l  damage r e c o r d e d  i n  t h e  l i t e r a t u r e ,  
and  th e  d i s t r i b u t i o n  o f  t h a l l i u m  shown i n  t h e s e  e x p e r i m e n t s ,  i t . i s  no \: * vv. • " . .....
s u r p r i s e  t h a t ,  t h e  s e q u e l a e . o f  t h a l l i u m  p o i s o n in g  i n c l u d e  s e n s o r y  and,
O
n e rv o u s  d i s o r d e r s  su c h  a s  a t a x i a  and c h o r e i f o r m  m ovem ents, b l i n d n e s s ,  
p e r i p h e r a l  n e u r i t i s ,  and  k id n e y  damage. As s t a t e d  p r e v i o u s l y ,  g a s t r o ­
i n t e s t i n a l  d i s o r d e r s  a r e  p r e s e n t ,  b u t  do n o t  p r e d o m in a te  o v e r  t h o s e  o f  
t h e  n e rv o u s  sy s te m .
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R e c u p e r a t io n  from  t h a l l i u m  p o i s o n in g  i s  s low  and may r e q u i r e  s i x  
w eeks t o  a y e a r .  The m ethods o f  t r e a t m e n t  p r e s e n t l y  employed a r e  e m p ir -  
i c a l  and sy m p to m a t ic ,  ^and g e n e r a l l y  u n s a t i s f a c t o r y .  P o ta s s iu m  i o d i d e  
o r a l l y ,  f o l lo w e d  by sod ium  t h i o s u l p h a t e  i n t r a v e n o u s l y  h ave  Jbeen g iv e n  
a lo n g  w i t h  i n c r e a s e d  f l u i d  i n t a k e ,  i n  th e  b e l i e f  t h a t  t h e  t h a l l iu m .w o u ld  
f i r s t  b e  p r e c i p i t a t e d ,  th e n  s o l u b i l i z e d  and w ashed  o u t  th r o u g h  t h e  k i d ­
n e y s .  D im e rc a p ro l  h a s  b e en  u s e d ,  b u t  i t  i s  n o t  v e r y  e f f e c t i v e  s i n c e  
t h a l l i u m  h a s  a lo w er  te n d e n c y  o f  fo rm in g  d i m e r c a p t id e  compounds th a n  
some o t h e r  h e av y  m e t a l s .  D i t h i z o n e  was recommended r e c e n t l y ,  b u t  i t s  
u s e  h a s  c a u s e d  d i a b e t e s .  T h y re s s o n  (9 2 ,  9 3 ) ,  P a s t i n s z k y  (94) and  Lund 
(56) h a v e  begun  t o  s t u d y  t h e  i n f l u e n c e  o f  t h a l l i u m  on enzyme sy s te m s  and 
t i s s u e  m e ta b o l i s m ,  and  on t h e  m echanism s o f  i t s  e x c r e t i o n  and d e t o x i c a - ’. 
t i o n .  T h is  i s  o f  gre&at i n t e r e s t ,  and  may l e a d  t h e  way to  b e t t e r  m ethods 




A m ethod i s  p r e s e n t e d  f o r  t h e  d e t e r m i n a t i o n  o f  t h a l l i u m  i n  u r i n e ,  
f e c e s ,  b lo o d  and t i s s u e s .  I t  i s  b a s e d  upon t h e  d e s t r u c t i o n  o f  o r g a n i c  
m a t e r i a l  by a s h in g  w i t h  s u l p h u r i c  and  n i t r i c  a c i d s ,  and  p r e c i p i t a t i o n  o f ;  
t h e  t h a l l i u m  a s  a t h a l l i u m - b i s m u t h  i o d i d e  co m p lex , ( T l l )  . B i l  . The p r e -  
c i p i t a t e  i s  s e p a r a t e d  by c e n t r i f u g i n g ,  and i s  t h e n  w a sh e d ,  f i r s t  w i t h  
w a te r  and  th e n  w i t h  a l c o h o l .  The com plex  i s  o x i d i z e d  w i t h  b ro m in e  i n  
g l a c i a l  a c e t i c  a c i d ,  and th e n  sod ium  f o rm a te  i s  added  t o  form  a  fo rm a te~  
'w a c e t i c  a c i d  b u f f e r  w h ic h  i n a c t i v a t e s  t h e  e x c e s s  b ro m in e .  The t h a l l i u m  
i n  t h e  com plex  i s  d e te r m in e d  by  i o d o m e t r i c  t i t r a t i o n .  A ntim ony , a r s e n i c ,  
c o p p e r , . i r o n , l e a d , - m e r c u r y - a n d  t i n  do n o t  i n t e r f e r e .  . P
* • ___  _# ' -c ; .
The d i s t r i b u t i o n  o f  t h a l l i u m  i n  t h e  u r i n e , " f e c e s ,  b lo o d  and  t i s ­
s u e s  was d e te rm in e d  a f t e r  a c u t e  p o i s o n in g  by c o n s t a n t  i n t r a v e n o u s  i n f u -  . , 
■ - s io n  o f  t h a l l i u m i ( I ) V . ‘. and a f t e r  c h r o n i c  p o i s o n i n g i b y ^ t h e  d a i l y  a d m in i s -
» ' a .  '  9« * . * u, »
t r a t i b n  o f  t h a l l i u m  ( I )  o r a l l y .  u «
I n  t h e  e x p e r im e n ts  d e s ig n e d  t o  show .a c u te  p o i s o n i n g ,  two d ogs
+  / 'w e re  i n f u s e d ,  one  a t  t h e  r a t e  o f  1 .7 5  mg. T l  / k g . / m i n . , and  on e  a t  t h e
r a t e  o f  1 .0  iqg. T l* ^ /k g ./m in .  A l th o u g h  t h e  r a t e  o f  t h a l l i u m  i n f u s i o n  was
d i f f e r e n t ,  t h e  a n im a l s  d ie d  a f t e r  t h e  a d m i n i s t r a t i o n  o f  245 mg. Tl***/kg./
nrLn., and  253 ng . Tl"*’/ k g . / n d n . , r e s p e c t i v e l y .
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I n  t h e  e x p e r im e n ts  d e s ig n e d  to  show c h ro n ic  p o i s o n i n g ,  5 n%. 
Tl'*’/ k g . / d a y  was a d m i n i s t e r e d  o r a l l y  I n  g e l a t i n  c a p s u l e s  to  two dogs*
T h ese  a n im a ls  d i e d  on t h e  s e v e n th  and e i g h t h  days a f t e r  r e c e i v i n g  a t o t a l
• i
amount o f  35 mg. T l  / k g . , and  40 mg. T l  / k g . , r e s p e c t i v e l y .
6
T h a l l iu m  was found  I n  t h e  u r i n e  o f  t h e  a c u t e l y  I n t o x i c a t e d  dogs 
w i t h i n  tw e n ty  m in u te s  a f t e r  t h e  I n f u s i o n  o f  th e  t h a l l i u m  was s t a r t e d ,  
i and  I n  t h e  c h r o n i c a l l y  i n t o x i c a t e d  d o g s .  I t  was fo u n d  I n e t h e ' u r i n e  from  ,
L - •  Ï  *
t h e  t h i r d  day  u n t i l  d e a t h .  - . •  ̂ ,
T h a l l iu m  was fo und  I n  a l l  o rg a n s  and  t i s s u e s  a n a ly z e d  e x c e p t  h a i r  
and  bone  I n  t h e  a c u t e l y  p o is o n e d  a n im a l s ,  and h a i r  I n  t h e  c h r o n i c a l l y ,  
p o i s o n e d  a n im a l s .  The more v a s c u l a r  o r g a n s  w e re  fo u n d  t o  c o n t a i n  t h e  
l a r g e s t  am ounts o f  t h a l l i u m  I n  a c u t e  p o i s o n i n g .  The d i s t r i b u t i o n  o f  
. t h a l l i u m  was n o t  u n i f o rm  I n  t h e  c h r o n i c a l l y  p o is o n e d  a n im a l s ,  b u t  t h e
? - . ° o  . ' t o ' , ’ '  c  «. - -  ' ■
"r r a n g e  be tw een  t h e  o r g a n s  c o n t a i n i n g  t h e  m ost and t h e  l e a s t  am ounts o f  
. y } , th a l l iu m rw a s  n o t  g r e a t . "
BIBLIOGRAPHY
1. P e t a r ,  A. V . :  T h a l l iu m  -  I n f o r m a t io n  C i r c u l a r  No. 64 53 , U. S.
^ B ureau  o f  M in es , J u n e ,  1931. C. A . ,  4 0 9 2 ,  1931.
* 2 .  R o se n h a in ,  W .: G la s s  M a n u fa c tu re ,  New Y o rk , Van N o s t r a n d ,  1908
p . 183. C. A . ,  3 ,  8 2 6 , 1909.
* 3 . Jo h n s o n ,  J .  Y . : Im provem ents i n  A l lo y s  R e s i s t a n t  t o  C hem ica l
A c t io n ,  B r i t i s h  P a t e n t  No. 2 9 7 ,6 6 5 ,  S e p t .  2 7 ,  1928. Q uoted  i n  
R e f .  37 .
4̂ . o Grossman,"^H. : T h a l l o t o x i c o s i s .  P e d i a t r i c s ,  1 ^ ,  8 6 8 , 1955.
O Ô * *
5 .  P o z z i ,  S. and C u r ta d o :  T h a l l iu m .  Gaz. roed. P a r i s ,  s e r i e s  7 ,  147 ,
° 1883.* Q uoted  i n  S o llm an , T . :  * A Manual o f  P h a rm ac o lo g y , S i x t h
E d i t i o n ,  W. B. «Saunders Company, 1942 , p .  1163.
O
6 . Combemale, J . : L ' a c e t a t e  de  t h a l l i u m  c o n t r e  l e s  s u e u r s  n o c tu r n e s
“ de  p h t h s i q u e s .  B u l l .  d e . , l 'A c a d .  de  M ed ., 22* 5 7 2 ,  1898. Q uoted
by R e f .  39 .
7 . S a b o u rau d , R. : L - a c e t a t e  de  t h a l l i u m s  c o n t r e  l e  de irv e t  c h e z  l a
femme. Rev. I n t e r n a t .  Med. C h i r .  Annee, 2 3 ,  3 2 2 , 1912. Q uoted 
i n  R e f .  39 .
8 . S ab o u rau d , R . : P a r i s  L e t t e r  on T h a l l iu m .  J .  A. M. A , ,  9 4 , 197,
1930.
9 . B ureau  o f  I n v e s t i g a t i o n  o f  t h e  J .  A. M. A. : Korem lu -  A D angerous
D e p i l a t o r y  Cream C o n ta in in g  T h a l l iu m  A c e t a t e .  J .  A. M. A . , 9 6 , 
629 , 1931.
10. D uncan, W. S. and C ro s b y ,  E. H . : A C ase  o f  T h a l l iu m  P o is o n in g
F o l lo w in g  t h e  P ro lo n g e d  Use o f  a D e p i l a t o r y  Cream. J ,  A, M. A, , 
9 6 ,  1866 , 1931.
11. B uschke , A . : E x p e r i r o e n t e l l e r  B e i t r a g  z u r  K e n n tn is  d e r  A lo p e c ia ,
B e r l i n .  K l i n .  W c h n s c h r . ,  3 7 ,  1 2 3 5 , 1920. Q uoted  i n  R e f .  34 .
12. C i c e r o ,  R . : T r a t a m ie n to  de l a s  T in a s  p o r  e l  A c e t a t e  de T a l i o .
Rev. P u e b la  No. 8 , 1919. R e f e r e n c e  i n  L a n c e t ,  2 1 2 , 3 8 9 ,  1919.
46
47
13. P e t e r ,  G . : —.D ie  E p i l a t i o n  m it  T h a l l i u m - A c e t i c .  A rch . D erm at. u .
S y p h . ,  1 ^ ,  4 3 8 ,  1926.
14. B e d fo rd ,  G. V . :  D é p i l a t i o n  w i t h  T h a l l iu m  A c e ta te  i n  t h e  T re a tm e n t
o f  Ringworm o f  t h e  S c a lp  i n  C h i ld r e n .  Canad. Med. A ssoc . J . ,
660 , 1928.
15. A braroow itz , E. W .: T h a l l iu m  M e d ic a t io n  i n  T in e a  C a p i t i s  and  O the r
D e rm a to se s  R e q u i r in g  E p i l a t i o n .  N. Y. S t .  J .  M ed ., 2 5 3 ,  1929,
16. D o w ling , G. B . ; The T re a tm e n t  o f  Ringworm o f  t h e  S c a lp  by T h a l l iu m
D é p i l a t i o n .  B r i t .  Med. J . , 2 6 1 ,  1927.
17. Omerod, M. J . : P h a rm a c o lo g ic a l  and T o x i c o l o g i c a l  A s p e c ts  o f
T h a l l iu m .  Canad. Med. A ssoc . J . , jL9, 66 3 , 1928.
18. L ynch , G. R. and S c o v e l l ,  J .  M .: The T o x ic o lo g y  o f  T h a l l iu m .  Lan­
c e t ,  1340 , 1930.
19. C u r t i s ,  F .  R . : A N o te  on E p i l a t i o n  by  T h a l l iu m  A c e t a t e .  L a n c e t ,
2 1 2 , 1290 , 1927.
20 . M eyer, Selm a: C hanges i n  t h e  B lood  a s  R e f l e c t i n g  I n d u s t r i a l  Damage.
J ,  I n d u s t .  Hyg. T o x i c o l . ,  1 ^ ,  2 9 ,  1928.
21 . R ic h e s o n ,  Edna M. : I n d u s t r i a l  T h a l l iu m  P o i s o n in g .  I n d u s t .  Med.
and S u r g . , 2 7 ,  607 , 1958.
2 2 . Rube and  H e n d r ic k s :  G e w e rb l ic h e  T h a l l i u m v e r g i f t u n g .  Med. W e l t ,  J . ,
7 3 3 ,  1927. Q uoted  i n  R e f .  39 .
2 3 . T e le k y :  G e w e rb l ic h e  T h a l l iu m  V e r g i f t u n g .  Wien^ med. W c h n s c h r . ,
7 8 ,  5 0 6 ,  1928. C. A . ,  2 2 ,  2 8 0 0 ,  1928.
2 4 . C h a m b e r la in ,  P. H . , S ta v in o h a ,  W. B . , D a v i s ,  H e le n ,  K n ik e r ,  W. T.
and  P a n o s ,  T. C . : T h a l l iu m  P o i s o n in g .  P e d i a t r i c s ,  1170,
1958.
25 . F a i r w e a t h e r ,  M. J . , S t o v a l l ,  V . ,  S a n t i a g o ,  P . ,  Adams, K. P . ,  D a v i s ,
Jo h n  and C a m p b e ll ,  W .: T h a l l iu m  P o is o n in g  o f  C h i ld r e n  i n  T e x a s .
T ex . S t .  J .  M e d . , 4 6 6 ,  1955.
2 6 .  Cann, H. M .: T h a l l iu m  P o i s o n in g .  P e r s o n a l  C om m unication .
2 7 . E p p s ,  E. A. : T h a l l iu m  P o i s o n in g .  P e r s o n a l  C om m unication .
2 8 . C o n le y ,  B. E . : T h a l l o t o x i c o s i s  -  A R e c u r r in g  P rob lem . J .  A. M. A . ,
1 6 5 , 1566 , 1957.
2 9 .  P r i c k ,  J .  J .  G . , S i l l e v i s ,  W. G. and M u l l e r ,  L . : T h a l l iu m  P o i s o n in g .
E l s e v i e r  P u b l i s h i n g  Company, H o u s to n ,  1955.
48
3 0 . C ro o k e s ,  W .: On t h e  E x i s t e n c e  o f  a New E le m e n t ,  P r o b a b ly  o f  th e
S u lp h u r  Group. Chem. News, 2* 193 , 1861. Quoted i n  R e f .  29 .
31 . Lamy, A .:  S u r  l e s  E f f e c t s  T o x iq u e s  du T h a l l iu m .  Compt. Rend. Acad.
S c i .  ( P a r i s ) ,  5 7 ,  4 4 2 ,  1869. Q uoted i n  R e f .  34.
3 2 . C ro o k e s ,  W.: On t h e  E x t r a c t i o n  o f  T h a l l iu m  on a L a rg e  S c a le  from
t h e  F l u e  D u s t  o f  P y r i t e  B u rn e rs .  Chem. News, 150 , 1863. 
Q uoted  i n  R e f .  34 .
3 3 . M o e l l e r ,  T . :  I n o r g a n i c  C h e m is t ry .  Jo h n  W ile y  and S o n s ,  I n c . ,
New Y ork , 1955 , p .  734. ^
34 . H e y ro th ,  F .  F . : T h a l l iu m :  A Review and  Summary o f  M e d ic a l  L i t e r a ­
t u r e .  U n i te d  S t a t e s  P u b l i c  H e a l th  R e p o r t s ,  Supp lem ent No. 197, 
1947.
3 5 . P a u l e t :  E x p e r ie n c e s  s u r  l ' a c t i o n  p h y s io lo g iq u e s  d e r  S e l s  de T h a l ­
l iu m . Compt. Rend. Acad. S c i .  ( P a r i s ) ,  2Z.» 4 9 4 , 1863. Quoted 
i n  R e f .  39.
& ^
36 . G ra n d ea u , L . : S e l s  d e  P o ta s s iu m ,  de Sodium e t  de  R ubid ium . J .
A n a t .  e t  P h y s i o l .  Norm, e t  P a t h . , jL» 3 7 8 , 1864. Q uoted  i n  R e f .  
3 9 .  .
3 7 . G e t t l e r ,  A. 0 .  and  W e iss  L . : T h a l l iu m  P o i s o n in g .  I l l  -  C l i n i c a l
T o x ic o lo g y  o f  T h a l l iu m .  Amer. J .  C l i n .  P a t h . ,  jL3» 4 2 2 ,  1943.
3 8 . I l j i n ,  N. A. Hofman. T . ,  M e ln ik o v ,  F .  M. and A v e n t i s i a n ,  A. M .:
M o rp h o g e n e t ic  and  T o x ic  A c t i v i t y  o f  M onova len t  and T r i v a l e n t  
T h a l l iu m  Compounds. A rch . I n t e r n a t .  Pharm acodyn. e t  T h e r . , 5 8 , 
3 7 1 ,  1938.
3 9 . Munch, J .  C. and S i l v e r ,  J . : The Pharm aco logy  o f  T h a l l iu m  and I t s
Use i n  R oden t C o n t r o l .  T e c h n ic a l  B u l l e t i n  No, 2 3 8 ,  A p r i l  1931, 
U n i t e d  S t a t e s  D e p a r tm e n t  o f  A g r i c u l t u r e .
4 0 .  Sw ain, R. E. and B atem an , W. G . : The T o x i c i t y  o f  T h a l l iu m  S a l t s .
J .  B i o l .  Chem ., 2»  137, 1909-1910 .
4 1 .  W ard, J .  C . : T h a l l iu m  P o i s o n in g  i n  S heep . J .  Amer. Pharm. A s s o c . ,
1 9 ,  5 5 6 ,  1930.
4 2 .  F l u r y ,  F .  and  Z e r n i k ,  F . : Z u sa m m en s te l lu n g  d e r  T o x isc h e n  und
L e t a l e n  Dosen f u r  d i e  G e b r a u c h l i c h s t e n  G i f t e  und V e r s u c h s t i e r e .  
T h a l l iu m  p . 1406. A b d e r h a ld e n 's  Handbuch d e r  B io lo g i s c h e n  
A r b e i t s m e th o d e n ,  IV / p a r t  7 b , 1289 -  1422.
4 3 .  B uschke , A. and P i e s e r ,  B . : V e rsu c h e  z u r  E n t g i f t u n g  d e s  T h a l l iu m s .
K l i n .  W c h n s c h r . ,  4 ,  2 4 4 4 ,  1925. C. A . ,  2 0 ,  1112, 1926.
49
4 4 .  T h y r e s s o n ,  N . : E x p e r im e n ta l  I n v e s t i g a t i o n  on T h a l l iu m  P o is o n in g  i n
t h e  R a t :  D i s t r i b u t i o n  o f  T h a l l iu m  e s p e c i a l l y  i n  t h e  S k in ,  and
E x c r e t i o n  o f  T h a l l iu m  u n d e r  D i f f e r e n t  E x p e r im e n ta l  C o n d i t i o n s .  
A c ta  D e rm a to -V e n e re o lo g ic a ,  3 1 ,  3 ,  1951.
4 5 .  B uschke , A. and  P i e s e r ,  B, : E x perim en t e l  l e n  B eob ach tu ngen  l ibe r  Be-
e i n f l u s s u n g  d es  E n d o k r in e n  System s d u rc h  T h a l l iu m . Med. K l i n . ,
1 ^ , 7 3 1 , 1922. Q uoted  i n  R e f .  39 .
4 6 .  Marme, W .: R e s e a rc h e s  on T h a l l iu m .  B r i t ,  and F o r e ig n  M e d i c o - C h i r . ,
4 1 , 2 5 4 ,  1868. Quoted i n  R e f .  34.
4 7 .  Cushny, A. R . : T ex tb o o k  o f  Pharm aco logy  and T h e r a p e u t i c s .  Lea and
F e b i g e r ,  New Y o rk , N in th  E d . ,  1928 , p .  670.
4 8 .  R i c h e t ,  C . : De l a  t o x i c i t é  du t h a l l i u m .  Compt. Rend. Soc. B i o l . ,
2* 2 5 2 ,  1899. Q uoted i n  R e f .  4 7 .
4 9 .  B uschke , A . ,  L o w e n s te in ,  L. and J o e l ,  W :: D ie  s p e z i f i s c h e n  und u n -
s p e z i f i s c h e n  W irkungen d es  T h a l l iu m s .  Med. K l i n . ,  2 5 ,  4 6 2 ,  1929. 
C. A . ,  4 8 4 8 ,  1930..
5 0 . L e ig h e b ,  V . : E x p e r im e n ta l  R e s e a r c h e s  on t h e  T o x i c i t y  o f  T h a l l iu m .
G io rn .  I t a l .  d i  Derm e  S i f i l o . , 6 9 , 96 0 , 1928. A b s t r .  i n  B r i t .
J .  D erm at.  S y p h i l i s ,  129 , 1929.
5 1 .  T r u f f i ,  G . : On T h a l l iu m  A lo p e c ia .  G io rn .  I t a l .  d i  Derm, e  S i f i l o ,
6 9 , 6 0 ,  1928. A b s t r .  B r i t .  J .  D erm at. S y p h i l i s ,  7 8 , 1929.
5 2 .  T h y re s s o n ,  N . : E x p e r im e n ta l  I n v e s t i g a t i o n  on T h a l l iu m  P o i s o n in g :
E f f e c t  o f  T h a l l iu m  on t h e  Growth and D i f f e r e n t i a t i o n  o f  H a i r s  
and E p id e r m is ,  S tu d ie d  i n  Young R a ts  and  T i s s u e  C u l t u r e s  o f  Em­
b r y o n ic  R a t  S k in .  A c ta  D e rm a to - V e n e re o lo g ic a ,  21* 1 3 3 , 1951.
5 3 . B a l b i ,  E . : R e s e a rc h e s  i n t o  t h e  N e rv e -E n d o c r in e  C o n d i t i o n  o f  C h i l ­
d re n  T r e a t e d  w i t h  T h a l l iu m  A c e t a t e .  G io r n .  I t a l .  d i  D erm at. e  
S i f i l o ,  22» 2 8 ,  1928. A b s t r .  B r i t .  J .  D eram t. S y p h i l i s ,  4 1 ,  78 , 
1929.
5 4 .  Baumann, R . : E x p e r im e n te l l e n  T h a l l i u m e f f e k t e  an R a t t e n  und Mausen.
A cta  R a d i o l o g i c a ,  JL1» 4 2 5 ,  1930.
5 5 . Lund, A l f :  D i s t r i b u t i o n  o f  T h a l l iu m  i n  t h e  O rgan ism  and I t s  E l im i ­
n a t i o n .  A c ta  p h a rm a c o l .  e t  t o x i c o l . , 1 2 , 2 5 1 , 1956.
5 6 . Lund, A l f :  The E f f e c t  o f  V a r io u s  S u b s ta n c e s  on  th e  E x c r e t i o n  and
th e  T o x i c i t y  o f  T h a l l iu m  i n  t h e  R a t .  A c ta  p h a rm a c o l .  e t  t o x i c o l . ,  
12 , 2 6 0 ,  1956.
5 7 . D ixon , W. E . : T h a l l iu m .  P ro c .  Roy. Soc. M e d . , 1197 , 1927.
50
5 8 . G eo rg e , J .  L . : The P e s t i c i d e  P rob lem . The C o n s e r v a t io n  F o u n d a t io n ,
New York 1 6 , N. Y . , 1957.
5 9 . B ro ch u re  on T r a n c o p a l :  W in th ro p  L a b o r a t o r i e s ,  New York 18 , N. Y . ,
1958.
60 . F a i r h a l l ,  L. T . :  I n d u s t r i a l  T o x ic o lo g y ,  I n t r o d u c t i o n ,  The W il l ia m s
and W i lk in s  Company, 1949, B a l t im o r e .
61 . K aps, L . : K r i m i n e l l e  t o d l i c h e  s u b a k u te  T h a l l iu m  -  V e r g i f t u n g .
Wien. k l i n .  W c h n s c h r . ,  967 , 19?7.
62 . Mauro, V . :  P o i s o n in g  by T h a l l iu m  -  A n a to ro o -P a th o lo g ic a l  Changes
i n  P o i s o n in g  by T h a l l iu m  C a rb o n a te .  F o l i a  ro ad .,  2 5 ,  1064 , 1939. 
A b s t r .  i n  J .  I n d .  Hyg. T o x i c o l . ,  5 5 a ,  1940.
63 . L a n s b u ry ,  J . : Symptoms and P a th o lo g y  o f  T h a l l iu m  P o i s o n in g  -  C ase
R e p o r t s .  Med. C l i n .  N o r th  A m er., 1 ^ ,  1409 , 1933.
64 . S h o r t ,  Ch. L . : A C ase  o f  P o l y n e u r i t i s  from  T h a l l iu m  A c e t a t e .
J .  A. M. A. , ^ ,  10 1 , 1931.
65 . W in te r ,  S. T . ,  L a ro n ,  Z . , and M ic h a e ls o n ,  I .  C . : R e n a l  and V a s c u la r
D i s t u r b a n c e s  i n  a C ase  o f  T h a l l iu m  P o i s o n in g .  A rch . D i s .  C h i l d ­
h o o d , 2 9 ,  4 4 3 ,  1954.
6 6 . G in s b e rg ,  H. M. and  N ix o n , C. E . : T h a l l iu m  P o is o n in g  -  A P r e l i m i ­
n a r y  R e p o r t  o f  E le v e n  C a s e s .  J .  A. M. A. , 1076 , 1932.
67 . L i l l i e ,  W. I .  and  P a r k e r ,  H. I . :  R e t r o b u l b a r  N e u r i t i s  due  t o  T h a l ­
l iu m  P o i s o n in g .  J ,  A. M. A . ,  9B, 1347 , 1932.
6 8 . Mahoney, V .:  R e t r o b u l b a r  N e u r i t i s  due  to  T h a l l iu m  P o is o n in g  from
D e p i l a t o r y  Cream. A R e p o r t  o f  T h ree  C a s e s .  J .  A. M, A . , 9 8 ,
618 , 1932.
69 . Long, J .  H . : Uber d i e  L o s l i c h k e i t  d e s  T h a l i l u m j o d e r s  und d i e  Be-
stimm ung d e s  T h a l l iu m s .  Z t s c h r .  f .  a n a l .  Chem ., 3 0 ,  3 4 2 , 1891. 
Q uoted  i n  R e f .  76.
70 . B row ning , P. E. and  P a lm e r ,  H. E . : The V o lu m e tr ic  and G r a v im e t r i c
E s t im a t i o n  o f  T h a l l iu m  i n  A l k a l i n e  S o l u t i o n  by  Means o f  P o t a s -  
s i u m f e r r i c y a n i d e .  Amer. J .  S c i . ,  2 2 ,  3 8 0 , 1909. C. A . ,  2»
1735, 1909.
7 1 . B row ning, P. E. and  H u tc h in s ,  G. P . :  On t h e  E s t i m a t i o n  o f  T h a l ­
l iu m  a s  t h e  C hro m ate . Amer. J .  S c i . ,  2» 4 6 0 ,  1899. Q uoted  i n  
R e f .  76.
7 2 . M oser, L . and  B r u k l ,  A .:  D ie  Bestimmung d e s  T h a l l iu m s  a l s  T h a l l iu m
( I )  Chrom ât und s e i n e  T ren nun g  von  a n d e re n  E le m e n te n .  M ona tsch . 
f .  C h e m ie . ,  4 7 ,  7 0 9 , 1926. C. A . ,  2 1 ,  3 8 5 0 , 1927:
51
7 3 . S a n d e l l ,  E. B. : Chemical A n a l y s i s ,  Volume I I I :  C o l o r i m e t r i c  D e t e r ­
m in a t io n  o f  T rac es  o f  M e ta l s .  Second E d i t i o n .  I n t e r s c i e n c e  
P u b l i s h e r s ,  I n c . ,  New York, 1950.
74 . Shaw, P . A .:  C o lo r im e t r i c  D e te r m in a t io n  o f  T h a l l iu m .  I n d u s t ,  and
Eng. Chem ., A nal. E d . ,  JL, 9 3 , 1933.
75 . Samaan, K. and M ik h a i l ,  M. N. : A C hem ica l M ethod f o r  t h e  D e t e r -
- m in a t io n  o f  M inute  Q u a n t i t i e s  o f  T h a l l iu m  i n  T i s s u e s .  Q u a r t .
J .  Pharm. P h a rm a c o l . ,  3 4 2 ,  1943.
76 . G e t t l e r ,  A. 0 .  and  W e is s ,  L . : T h a l l iu m  P o i s o n in g  I I  -  The Q u a n t i ­
t a t i v e  D e te r m in a t io n  o f  T h a l l iu m  i n  B i o l o g i c a l  M a t e r i a l .  Amer.
J .  C l i n .  P a t h . , 1 3 ,  368 , 1943.
77 . B e a le ,  R. S . ,  H u tc h is o n ,  A. W. and  C h e n d le e .  G. * C. : P e rm an g an a te
T i t r a t i o n  o f  T h a l lo u s  S a l t s .  I n d u s t ,  and Eng. Chem ., A na l. E d . ,  
1 3 , 2 4 0 ,  1941.
78. W i l l a r d ,  H. H. and Young, J . : C e r i c  S u lp h a te  a s  a V o lu m e tr ic  Oxi­
d i z i n g  A gen t. J .  Amer. Chem. S o c . ,  36. 1930.
79 . Z i n t l ,  E. and  R e in a c k e r ,  G. : M a s s a n a ly t i s c h e  Bestimmung des  T h a l ­
l iu m s .  Z t s c h r .  f .  a n a l ,  a n o rg .  a l l g .  Chem ., 1 5 3 , 2 7 6 ,  1926.
C. A . ,  2631, 1926.
8 0 . P r o s z t , J .  : Tiber d i e  m a s s a n a l y t i s c h e  Bestimmung g e r i n g e r  Mengen
v o n  T h a l l iu m .  Z t s c h r .  f-. a n a l .  Chem., T ^ , 4 0 1 ,  1928. C. A . ,
2 2 ,  2 8 9 8 ,  1928.
8 1 . C a n n e r i ,  G . : B is n u th ,  Antimony and A r s e n ic  H y p o s u lp h i t e s  o f  T h a l ­
l iu m .  G azz . chim. i t a l . ,  3 7 ,  1922. C. A . ,  1715 , 1922.
82 . C a n n e r i ,  G. and  P e r in a ,  G . : D o u b le  H a l id e s  o f  B ism u th  and T h a l l iu m .
G azz . ch im . i t a l . ,  2 3 1 ,  1922. C. A . ,  1 6 , 2 6 4 6 , 1922.
S3 . I c e ,  C. and  Shoem aker, H. A .:  The D e te r m in a t io n  o f  T h a l l iu m  i n
B i o l o g i c a l  F l u i d s  and T i s s u e s .  P ro c .  O k la .  Acad. S c i . ,  2 2 ,
14 3 , 1942.
8 4 . R e i t h ,  J .  F .  and  G e r r i t s m a ,  K. W.: A Combined M ic r o -G r a v im e t r ic
and  T i t r i m e t r i c  M ic r o -D e te r m in a t io n  o f  T h a l l iu m  i n  T o x i c o l o g i e s !  
M a t e r i a l .  R e c u e i l  d e s  T r .w aux  C him iques d es  P a y s -B a s ,  770 , 
1946 .
8 5 . K e n d r ic k ,  A. : I n f o rm a t io n  About C e n t r i f u g e s :  P r a c t i c a l  and Theo­
r e t i c a l .  I n t e r n a t i o n a l  Equipm ent Company I n f o r m a t io n  B u l l e t i n  
No. 1 ,  1949.
8 6 . C u ta , '  0%i<^stlon o f  T h a l lo u s  S a l t s  t o  T h a l l i c  and  R e d u c t io n  o f
th e  T h a l l i c  S a l t s  w i t h  Sodium A r s e n i t e .  C o l l e c t i o n  C z e c h o s lo v a k  
Chem. Commun., 5 ,  2 8 7 , 1933. C. A . ,  2 8 ,  6 1 , 1934.
52
8 7 . Karoermann, P. A. E . :  T o x i c o l o g i c a l  D e te r m in a t io n  o f  T h a l l iu m .  J .
S o u th  A f r i c a n  Chem. I n s t . ,  2 2 ,  1944. C. A . ,  22* 1370, 1944.
8 8 . S n e d e c o r , 6 . W .: S t a t i s t i c a l  M ethods, F i f t h  E d i t io n ,  The Iowa
S t a t e  C o lle g e  P r e s s ,  Ames, Iow a.
II
89 . F r i d l i ,  R. : U ber d i e  jo d o ro e t r is c h e  Bestimmung d es T h a lliu m s  auch
i n  G egenw art von  F e r r i - E i s e n .  S e in e  Bestimmung i n  L e i c h e n t e i l e n .  
D e u ts c h e  Z t s c h r ,  f .  d . g e s .  g e r i c h t .  M ed .,  J[3, 4 7 8 ,  1930.
C. A . ,  2 3 ,  1849 , 1929.
90 . D u rb in ,  P. W ., S c o t t ,  K. G. and H a m il to n ,  J .  G. : D i s t r i b u t i o n  o f
R a d io  I s o t o p e s  i n  R a t s .  U niv . C a l i f .  P u b l i c a t i o n s  i n  P h a rm aco l.  , 
3 ,  9 ,  1957.
91. H e y n d r ic k x , A . :  T re a tm e n t o f  T h a lliu m  P o is o n in g  i n  M ice . T o x ic o ­
l o g i c a l  A n a ly s i s  by  R a d i o a c t i v a t i o n .  A c ta  n h a rm a c o l .  e t  t o x i ­
c o l .  , 14 , 2 0 ,  1958.
92 . T h y re s s o n ,  N . : The I n f l u e n c e  o f  D i e t a r y  F a c t o r s ,  E s p e c i a l l y  Brew­
e r ' s  Y e a s t ,  C y s t i n e  and B V i ta m in s ,  o n . t h e  C o u rse  o f  C h ro n ic  
T h a l l i u m  P o is o n in g  i n  t h e  R a t .  A c ta  D e rm a to -V e n e re o lo g ic a ,  3 0 ,
9 ,  1950.
93. T h y re s s o n , N. : E x p e r im e n ta l  I n v e s t i g a t i o n  o*: T h a lliu m  P o is o n in g  -
i n f l u e n c e  o f  T h a l l iu m  on T i s s u e  M e ta b o l is m .J  A c ta  D erm ato -  
V e n e r e o lo g ic a ,  3 0 ,  4 1 7 ,  1950.
94. P a s t i n s z k y ,  S t . ,  Sim on, N. and A n d ra s s y ,  K. ; D ie  W irkung von  D iroer-
c a p to p r o p a n o l  (BAL) a u f  d i e  e x p e r i m e n t e l l e  T h a l l i u m v e r g i f t u n g .
A c ta  D e rm a to -V e n e re o lo g ic a ,  3 1 ,  3 3 1 , 1951.
95. Ma, W en-Chao and  Mu, Ju i-W u : C y to lo g ic  C hanges i n  T h y ro id  A p p a ra tu s
and  S p in a l  G a n g lia  o f  R a ts  T r e a te d  w i th  T h a lliu m . P ro c . Soc.
E x p e r . B i o l .  M e d ., 2 7 ,  2 4 9 ,  1929.
»< -/ — •
96. Mu, Ju i-W u  and Hu, C h 'u a n - K 'u e i :  E f f e c t  o f  T h a lliu m  A c e ta te  on
t h e  B a s a l  M e tab o lism  o f  R a ts .  P ro c . S oc . E x p er. B io l .  M ed.,
2 7 ,  2 5 1 ,  1929.
97 . M ach, F . and  L e p p e r , W .: Ü ber d i e  Bestim m ung d e s  T h a lliu m s  in
M a u s e g i f t p r a p a r a t e n .  Z t s c h r .  f .  a n a l .  Chem ., 6 8 , 4 1 ,  1926.
C. A . ,  2 0 ,  1772 , 1926.
